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Technology And The War 


WHY WASTE WORDS attempting to describe the feelings of 
the American public concerning the recent events in 
Europe? No words cou'd adequately reflect the anger 
aroused in the hearts of all sane thinking peoples. The 
President of the United States described the situation in 
Europe as “a four-alarm fire.” The implications conveyed 
by that simple phrase are far reaching. No democracy, or 
any small country, can hope to live peacefully in the face 
of a highly armed totalitarian country dominated by a 
fanatic gone mad with the lust for power. 

Armed with an abundance of the machinery of war 
and a comparable large army of men trained to operate 
it, the mad dictator of a totalitarian country has thrown 
to the winds all restraint. He respects neither life, prop- 
erty, nor the opinions of mankind. Devoid of any sense 
of honor, of justice, or of Christian morality, he is dealing 
death and destruction with powerful weapons created by 
machines developed by science, technology and industry 
for peaceful purposes. 

The answer to such a situation is clear enough. It was 
contained in President Roosevelt’s personally delivered 
message to Congress on May 16—billions for the creation 
of a war machine far greater and far more powerful than 
any that could be created by any totalitarian government 
or combination of such governments. No true American 
can find fault with such a decision. Every patriotic 
American will support it with enthusiasm and might. 


To be effective, mere quantity in the machinery of war 


is insufficient. Quality must also be superior. And this 
requires that American technology must be superior. 
Thus, technological leadership will be the greatest single 
determining factor in making the American defense 
program effective. 

In the coming months and years, in order to stop the 
spread of “the four-alarm fire,” scientists and technolo- 
gists of this country, and other democratic countries as 
well, will be in the midst of the greatest task they have 
ever undertaken. Upon design engineers will depend the 
effectiveness of the machinery of war that is to be built. 
It will be their responsibility to create bigger, better and 
more effective weapons and equipments, as well as to 
develop the production machinery to make the materials 
of war at maximum production rates consistent with high 
quality. 

Science, technology and industry have for the past 
decade been the target for much criticism. So let it be. 
As Kipling put it, “It’s Tommy this and Tommy that... 
but it’s ‘How do you do Mr. Atkins,’ when the band 
begins to play.” 

The band is playing. The go signal has been given. 
Like never before, the eyes of America are looking to 
science, technology and industry to lead the way. The 
opportunity is here for every scientist and engineer to 
do his part to show the world that Democracy can and 
will excel dictatorship in everything except that which 


is despicable. 
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VARIABLE SPEED 
THROUGH ELECTRONIC CONTROL 


NFINITE speed regulation and flat 
speed-torque characteristics have 
been obtained without recourse to 
costly electrical conversion systems or to 
hydraulic or mechanical transmissions 
in the new Rivett 1020 cabinet lathe. An 
electronic circuit controls a commutator- 
type single-phase driving motor. The 
electronic device is compact, has no 
moving parts and _ furnishes speed 
changes in infinite steps. In addition 
motor speed is automatically maintained 
at any pre-set figure. 
The variable-speed drive control, de- 
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signed by Submarine Signal Company, 
consists essentially of a grid-controlled 
rectifier system connected to an alternat- 
ing current supply. As shown in the 
schematic sketch, the motor field is 
energized by direct current, supplied in 
this case by a rectifier built into the unit. 
The motor armature is energized by half- 
wave uni-directional current impulses 
from a rectifier tube of the hot cathode 
gaseous discharge type with its anode 
circuit in series with motor armature and 
the a.c. source. The grid circuit of the 
tube is in series with a source of variable 





Rivett 1020 cabinet lathe, equipped with 
an electronic speed control developed 
by the Submarine Signal Company 
















direct potential and with the motor 
armature. Variable direct potential is 
controlled through a potentiometer by the 
lathe operator. 

In operation, the machinist sets the 
control dial at the desired speed. This 
dial adjusts potentiometer setting and 
thus governs the amount of direct po- 
tential applied to the tube grid. Under 
this impressed voltage, the tube supplies 
rectified current impulses to the arma- 
ture. As the armature rotates in its 
magnetic field, a counter e.m.f. is in- 
duced which opposes the grid potential 
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Speed torque characteristic of the Submarine Signal electronic 
speed control is substantially flat through a wide range of selected panel. 
speeds as determined by single dial on panel 


Speed control is centered in a dial mounted on the inclined front 


The toggle switch controls on-and-off; the pilot light in- 
dicates when current is available for motor operation 


supplied through the potentiometer. any replacements’ being necessary. 
Counter e.m.f. will always be exactly The actual operating circuit, as shown 
proportional to motor speed. During below, includes a full-wave rectifier for 


cuited and resistance is applied to the 
field circuit. This prevents too-rapid 
deceleration and also reduces heating 





negative half-cycles of anode potential, 
when no current is flowing through the 
armature, this counter e.m.f. opposes the 
grid potential. When the two voltages 
are substantially equal, the tube will not 
supply a current impulse to the armature 
during the next succeeding positive half- 
cycle of anode potential. When motor 
speed drops, counter e.m.f. drops pro- 
portionately, does not balance impressed 
potential, therefore current impulses will 
again be supplied to the armature. In 
this way motor speed is maintained at a 
constant value, regardless of load, and 
the speed-torque characteristic of the 
system is substantially flat through a 
wide range of speeds. There has been 
in operation since 1936, in the Sub- 
marine Signal plant, one of these devices 


























supplying direct current to the motor 
field as well as the grid-control circuit 
of the gaseous rectifier tube. A _ time- 
delay relay provides tube protection and 
a small panel light indicates when tubes 
are sufficiently heated and ready for 
operating motor. In addition, in the 
“off” position of the motor control 
switch, the motor armature is short cir- 


when motor is not running. Some anode 
potential is applied to the grid circuit so 
that the flat speed-torque characteristic 
can be maintained from nearly zero to 
full motor speed. 

During the original development of 
the Rivett 1020 precision screw cutting 
lathe, a complete series of models was 
made up as a guide for the engineers 





jlime delay relay 


me ee eee ee ee ee ee ee we ee ee ee eee, 










Line 
switch 

















{ 
| 
| 

which has functioned perfectly without +o 
rectifi 
4 | 
t 
A | 
‘We Oe. cieieeeete wie terei eee nes 1 
: f Grid" 
or controlled | 
‘. : a rectifier + 
he 
. . Arm A.C ! 
he sli : = i! 
i ® — . Vy } 
nd * i ! get / : \~ Speed contro/ 
po- z oa "ene 
le ofor ~~ 
id SIMPLIFIED SCHEMATIC WIRING firwaraal carta OOO 
see OF VARIABLE SPEED CONTROL 
its 
=" Simplified schematic circuit shows how Operating circuit of the electronic control includes a full wave rectifier for supplying 
ua motor field and armature are energized direct current to the motor field. Time delay relays protect tubes 
NG 


June, 1940 

















working on the project. A clay model 
was first molded to the general shape de- 
sired. This was modified to meet vari- 
ous design conditions brought out in 
engineering conferences during the pre- 
liminary development. Finally a full- 
size wooden model was constructed which 
proved useful to designers and drafts- 
men as a guide in preparing the final 
drawings and specifications for the ma- 
chine. This procedure, it is interesting 
to note, is followed in both the auto- 
motive and airplane industries, where it 
is known as making a “mock-up.” 

Lathe bed is a close-grained semi-steel 
casting of rigid, box-type construction 
with substantial cross-ribbing. To per- 
mit exact leveling and to provide against 
distortion of ways, the right-hand end of 
bed is carried on a screw pedestal with 
sperical washer in its head. Carriage 
saddle and tailstock shoe travel on sep- 
arate bedways. Lead screw is mounted 
in preloaded precision bearings and is 
reversible. Ways are nickel semi-steel, 
carriage saddle and tailstock base are 
of Meehanite slightly softer than the 
bed. This wear is not on bed. Carriage 
is fitted with adjustable gibs and has 
Corprene wipers in formed retainers 
which protect sliding surfaces. Carriage 
ways are platied and hand scraped. 

Headstock is fully inclosed and is 
fastened to a mating housing cast in- 
tegrally in the bed, thus providing an 
oiltight inclosure for flood lubrication of 
the shafts and gears. A rimmed area at 
the back of headstock housing affords a 
convenient shelf for laying down micro- 
meters or other small tools. The welded 
steel cabinet is designed with a rimmed 
top surface that forms a chip and oil 
pan. Cabinet also houses driving motor 
and electronic speed control unit. The 
two drawers, sliding on ball bearings, 
and the two compartments all fitted with 
locks and keys, provide storage space 


for all attachments. Motor 1s ventilated 
through louvres. 

Driving motor is mounted on Lord 
rubber shear mountings which absorb 
vibration. Screw adjustment maintains 
tension on the two V-belts which drive 
the spindle. These belts can be removed 
and replaced at any time without disturb- 
ing drive or removing lathe spindle or 
headstock. The design of the headstock, 
bed and housing to permit this belt re- 
placement is highly ingenious. Belt re- 
moval requires only the removal of the 
aluminum handwheel. 

Alloy steels are used 
throughout the machine. 
are S.A.E. 4150 steel, heat-treated to 
30-35 Rockwell C. Worm and worm 
gears are steel on bronze and back gears 
of cast Meehanite approximately 230 
Brinell, helically cut of alloy steel for 
quiet running. Shaving of spur and 
helical gears assures accuracy and free- 
dom from noise and vibration. All 
slidably mounted members work on 
multi-splined shafts and rotating shafts 
are supported in anti-friction bearings. 
All rotating parts are dynamically bal- 
anced. 

Spindle and back gear shaft bearings 
mountings are cast integral in the head- 
stock frame. Spindle is forged from 
alloy steel, heat-treated and ground and 
mounted on precision ball bearings. The 
two front bearings are mounted with a 
predetermined imposed end thrust. At 
the rear of spindle, combination ball and 
straight roller bearing mounting allows 
for expansion and contraction. An 
aluminum handwheel is furnished for 
hand turning of the spindle when driving 
sheave is disengaged. 

All gears and shaft bearings are flood 
lubricated. A Tuthill pump supplies 
oil through a Cuno filter to a reservoir in 
the head. The oil flows from this res- 
ervoir to a header from which it is dis- 


extensively 
Spur gears 








tributed to the various gears and shafts. 
The spindle is separately lubricated. 

Noise absorption has also been given 
consideration in this new lathe. In ad- 
dition to the extensive use of the shav- 
gin operation to produce quiet running 
gears, noise insulation materials have 
been adopted to absorb drumming 
sounds which might be amplified by the 
hollow base housing. To absorb these 
noises at their source, the chip pan is 
backed with non-inflammable molded 
plastic and the cabinet is lined with 
molded cork. 

Throughout the design much thought 
has been given to inclosing all moving 
parts and yet maintaining full accessibil- 
ity. For instance, the electronic speed 
control unit is mounted on an access door 
at the left side. Any wiring inspection 
which might be necessary can be made 
conveniently by swinging out the door, 
exposing the speed-control unit and all 
wiring. Similarly, through this door 
access may be had to the oil pump and 
the oil filter. The left-hand front door- 
when swung open, provides plenty of 
space to service the motor, to make 
tension adjustment of the V-belts or to 
replace the shear mountings. V-belts are 
changed easily by removing the alum- 
inum handwheel at the left side of the 
spindle and slipping the belts off the 
driving and driven sheaves. To provide 
moisture and dust tightness and reduce 
vibration noises, all access doors are 
fitted with sponge rubber gaskets. 

Operator convenience has consistently 
been considered in the design. The ma- 
chine can be efficiently run from a stand- 
ing or sitting position, as all controls 
are located on the front of the machine 
within easy reach. Electrical controls 
completely segregated and insulated, are 
mounted on a slanted panel. A single 
lever control governs forward, reverse, 
electric brake stop. Speed selector with 
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Anti-friction mountings of the forged steel spindle. 
at the rear provide for spindle expansion and contraction. 
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Front bearings are preloaded; 


the combination ball and straight roller bearings 
Aluminum handwheel is used for hand-turning of spindle 
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graduated dial gives any open-belt spin- 
dle speeds from 100 to 2,300 r.p.m. or 
any back-geared speed from 20 to 460 
r.p.m. As a further aid to the operator, 
the lathe is fitted with a light mounted 
on a standard which is universally ad- 
justable to illuminate any part of the 
working area. 

As this lathe is of the highest pre- 
cision type, it may be of interest to note 
the close limits of operation. Turn or 
bore 6 in., work held in collet, within 
0.0001 in.; turn or bore 6 in., within 
0.0001 in.; face to 8 in. dia., within 
0.0002 in. concave, 0.0000 in. convex; cut 
threads 12 in. long, within 0.0005 in.; 
cut threads 3 in. long, within 0.0003 in.: 
bed alignment over any 12 in., within 
0.0005 in.; tailstock spindle alignment 






































; with bed, within 0.0002 in.; headstock 
: spindle mouth concentric, within 0.0001 
in. The functional design has resulted ‘ io pane: aa 
. in a clean, compact, easily operated, 4 ; ; ex ; 
attractive machine tool. It was found ccess doors at side and front of machine thus the device is conveniently located 
d ia ae are gasketed with sponge rubber. Front for wiring and adjustment. The oil pump 
:. unnecessary to add extrancous trimmings, door provides easy access to motor, V-belts, and Cuno oil filter can be easily serviced 
f except for three strips of stainless steel and motor shear mountings. Electronic through this same access door. Motor is 
e on the doors. speed control is mounted on the side door: ventilated through louvres. in side panel 
oO 
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‘ings Lubrication to spindle gearings. Tuthill pump supplies filtered Tailstock shoe bears on vee and flat ways of bed. Shoe is fabri- 
oil to a reservoir in head. Oil flows through header to bearings cated of Meehanite somewhat softer than ways; thus any wear 
and gears through copper tubing which might occur is taken on shoe 
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Modern Designs 


Combined Hydraulic and Electrie Drives 


Sensitive limit switches interlock the electrical and 

hydraulic circuits in the Barber-Colman type “V” Adjustable 
vertical hobber. Hob carriage, clutches and clamps light (ee 
are actuated by hydraulic pressure; coolant pump 
and work-slide rapid-traverse are electrically driven. 
Short, compact driving mechanisms are used. 


Rigid frame constructien consists of two heavy box-section 
uprights, a reinforced box-section base casting and a heavy 
crown member. Left-hand upright supports hob slide, main 
drive motor and drive mechanisms. Right hand upright carries 
traveling work slide with index and feed-drive mechanisms, 
control panels, rapid-traverse motor, and brake. Hob slide is 
mounted on horizontal ways integral with one upright. 








Controls are centralized on the right hand column. To 
facilitate set-ups, each operating unit can be individually con- 
trolled. Gages indicate pressures in the automatic lubrication 
and the hydraulic system respectively. Two large levers control ; 
automatic cycle, one for starting, the other for feed starting and louvres 
stopping during cycle. One of the small levers, used during 

set-up to rotate hob and work independently of other movements, 

is fitted with a stop button, the position of which determines 

the direction of working feed. 





Motor 
ventilation 


Micrometer adjustment 
of positive stop 


Flexible metal 
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motor 
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Stops cycle 
instantly 


Stop control but- i = . lo 

ton. In~work slide Coolant is confined to the working area by a casing it 
feeds up; out-work closing the hob and work, affording positive heat transfer and 
Slide feeds down cooling capacity for submerged work and hob. Chips are col: 


lected in a specially designed pan at the rear of the machine. 
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Hydraulie cireuit provides a retract- clutch disks. Hydraulic circuit also actu- an adjustable relief valve and returned 
ing movement of the hob slide at the end ates the jaw-type feed clutch. For clamp- to the tank. Micro Switches interlock hy- 
e of the feed, hydraulic clamping of the ing the work on the arbors, a hydraulic draulic and electric controls. See sche- 
lation hob slide in feed position and hydraulic cylinder is mounted on the work spindle. matic electrical circuit on next page. To 
es actuation of the single-plate main-drive Pressure of 300 lb. per sq. in. in the facilitate loading, movement of single 


hydraulic system is maintained by a 
114-gal. constant delivery Vickers vane- 
type pump. Excess oil is passed through 


clutch by means of a cylinder mounted 
on the main drive shaft, this design giving 
automatic compensation for wear of the 





adjustable sleeve bearings. Location of 
feed screw, in a vertical position support- 
ing 1,500 lb. work slide, places feed 
screw under tension at all times; take-up 


Brive {rom main-drive clutch to hob 
spindle is through hardened gears and 
shafts mounted on heavy-duty Timken 
bearings. Hob spindle has bronze taper 
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lever unclamps arbor support, retracts 
and reclamps it, in one motion. Then 
work is clamped in place hydraulically. 


awe 





direction. 
to bearings. 





of backlash between the feed screw and 
nut is unnecessary as load is in one 
Bijur lubricator supplies oil 
(Continued on next page) 
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MODERN DESIGNS — Barber-Colman Vertical Hobber. continued 
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ELECTRICAL CIRCUIT 








Eight Miero Switehes, connected 
with the hydraulic circuit, control rapid 
traverse movement, and also serve as an 
interlock between the hydraulically actu- 
ated mechanisms and the electrical-se- 
quencing switches. When hob slide is in 
cutting position, rapid traverse cannot be 
obtained, because the small limit switch 
4 is open. However, if rapid traverse is 
required during feed portion of cycle, it 
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may be obtained by shifting feed lever to 
“feed off” position which closes switch 14 
and disengages the hydraulically oper- 
ated jaw clutch to disconnect feed. Rapid 
traverse is then obtained by manual push- 
button control. Coolant switch is actu- 
ated by hand operated cycle valve. Micro 
switch 2 operates from the same lever to 
open and close rapid-traverse circuit in 
connection with the second switch actu- 


ated from hob slide. For rapid-traverse 
in either direction, a separate normally 
open switch is held closed during feed 
portion of cycle by a mechanical latch. 
At the end of rapid traverse mevement, 
this latch is disengaged, opening switch. 
Switches 5 and 6 are in series with 
manual pushbuttons to give rapid- 
traverse when not in automatic cycle. 
Pump delivers 40 gal. per min. coolant. 
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Epicyclic Speed Reducer in Portable Hoist 






8 /u/ly-inclosed 
a Aigh-torque 
Leland or 

ia Star motor 


Gears and sprockets in the Coffing 
“Quik-Lift” hoist are SAE 3120 forgings 
normalized at 1,650—1,750 deg. F. before 
machining to minimize possible distor- 
tion in subsequent heat-treatments. After 
machining, cutting and finishing, gears 
are carburized. Tensile strength ranges 
from 78,000 to 125,000 lb. per sq. in. 
Chains are nickel-steel. High-starting 
torque motor is fully inclosed and is con- 
trolled by limit-switch. Differential speed 
reducer in this hoist is the patented 
Perry type, running on ball bearings in 
a bath of oil. Limit switch controls brake. 



















Perry speed reducer — 

ratio of reduction determined 
by number of teeth in ring 
gear and eccentric spur 
gear. Ball-bearing 
mounted, runs in 


oil bath 


Gatke weatherproof /ining 


limit switch controls brake and 

drum control switch. If énd of 

load chain runs past limit, current 

is cut off and brake applied automatically. 
If load chain continues to coast, motor 

is automatically reversed 


fixed internal ring gear 
Eccentric. spur gear 


Pins transmit power from 
eccentric spur gear to 
driving plate 


Size of openings deter- 
mined by throw of 
eccentric =difference in 
pitch diameter of the 
two gears 


Cireular Sound Diffuser on Portable Radio 





Electro-dynamic speaker is mounted 
on top of the five-tube, a.c.-d.c. super- 
heterodyne Kadette radio. Protecting the 
speaker mechanism is a steel grill, 
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slightly recessed under the plastic cone 
top. Set is fully inclosed, heat generated 
rises and flows out through the speaker 
grill. Cabinet was designed by Barnes & 


Cross-section on € 


Reinecke. Firestone Rubber & Latex 
Products Company molds the cabinet in 
several types of plastic. Top is rigid 
enough to serve as carrying handle. 
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MODERN DESIGNS — Thrust Balanced Hydraulically 


Force-feed lubrication, hydraulic 
means for easy adjustment of 
head to various product sizes and 
an automatic relief valve that safe- 
guards machine parts against un- 
breakable substances, are features 
of the Allis-Chalmers all-steel type 
“R” reduction crusher. 


Built-in hydraulie jack supports the 
thrust bearing that holds the vertical 
shaft and mantle in crushing position. To 
accommodate various sizes of products, 
the head can be raised by injecting oil 
into the cylinder through a convenient 
Alemite fitting; head is lowered by re- 
lease of oil cylinder through hand-oper- 
ated valve. An additional safety feature 
is provided by an automatic relief valve 
which opens under a predetermined pres- 
sure, lowering head and permitting un- 
crushable material, such as tramp iron, 
to pass through without damaging ma- 
chine. This hydraulic step support also 
allows quick unloading of crushing cham- 
ber in cases of power failure. 







dust seal 


Dust is exeluded from working parts 
by means of a new-type, rubber-curtain 
dust and oil seal with no sliding parts 
which might require lubrication. Wear- 
ing parts of crusher consist of a ground 
manganese steel mantle and a one-piece. 
self-tightening concave ring. Crushing 
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Manganese 
steel mantle 


Rubber curtain 








Syathetic rivbber 


Vertical shaft rotated 
in eccentric bearing 


Rubber curtain excludes 
dust from working parts 





chamber can be completely dismantled 
by removal of twelve nuts. Spider and 
top shell are cast integral and can be 
easily removed for replacing the one- 
piece concave ring, which is ground out- 
side. The bottom shell is of open con- 
struction. Hub is fitted with oil seal. 
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To allow for shaft deflection 
and to reduce possibility of uneven wear 
on bore in eccentric bearing supporting 
main shaft, the bearing is first bored to 
shaft dimensions. It is then re-bored 4s 
shown in the schematic above. When 
shaft deflects, it receives full support. 
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Eccentric and ecut-tooth gearing 
is force-lubricated by a motor-driven 
pump from a combination storage, cool- 
ing and screening tank. If crusher is 
engine-driven, oil pump can be operated 
by Texrope drive from pinion shaft. When 
electric drive is used, a pressure switch 
i main motor line cuts off power when 
oil supply to working parts fails. Syn- 
thetic rubber oil-line connections are oil- 
resistant, absorb vibration. A  water- 
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cooled radiator in the tank cools the 
lubricating oil. Eccentric bearing is bab- 
bitt-lined. Garter spring oil seal at top 
of shaft has sufficient flexibility to main- 
tain effective sealing around gyrating 
shaft. Step-support piston is fitted with 
an oil-resistant neoprene cup washer. 
Mainshaft step bearing consists of a 
separate piece, bolted to end of shaft, 
which is supported on a bronze step 
washer. 





HIGH STRENGTH, MINIMUM DEFLEC- 
TION are obtained through use of 
Meehanite for the rolls on mills 
manufactured by Stewart Bolling 
& Company. It has been found 
that these rolls require only about 
half as much crowning as chilled 
rolls because of the greater 
herent stiffness of the metal. 
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MODERN DESIGNS — | 


Main bull gears and eccentrics are 
























































































one piece and rotate on alloy steel pins 
in the Dries and Krump series “L” press. 
Power is delivered to both ends of ram 
through eccentric straps which connect 
to sleeve-like plungers encasing the ad- 
justing screws. Plungers operate in a ver- 
tical non-oscillating position throughout 
stroke, and are sealed against oil leakage. 
Flywheel, clutch and brake are 
combined in one unit. Flywheel is 

mounted on ball bearings and has a a 

molded friction lining pressed into side . 

of rim. Clutch disk is the only moving a 

part. Brake lining on outer side of clutch " 

disk engages a stationary brake disk. ae 

: : an : ; otl 
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Snap-on molded rubber base in the holding a reserve supply of 400 staples. Reinecke, the stapler retails at a T™ cire 

Presto deluxe stapler serves both as a Designed by Carl Wylie of Metal Special- markably low price. Ram and retum exh, 

cushioning pad and as a magazine for ties Company and styled by Barnes and spring are single piece of spring steel. cuit 
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NEUMATIC CIRCUITS-I 
For Controlling and Operating Machine Cycles 


N PRINCIPLE, every pneumatic con- 
trol circuit consists of control valves, 
power valves, operating cylinders 

and piping. The supply of compressed 
air to operate the system may be fur- 
nished from a source outside the machine 
or by a “built-in” compressor. Actuating 
the control valve, manually or by any 
other means, actuates the power valve 
which thereby causes the desired move- 
ment of the piston in the power cylinder. 

Practically any automatic operating 
feature can be obtained by means of 
pneumatic control. Unusual control 
cycles, repeating or non-repeating and 
inching can be accomplished as effect- 
ively as can the more usual types. Simi- 
larly, automatic protection of the oper- 
ator, the work and the machine can 
readily be incorporated in the pneumatic 
controls without complications. Used for 
the control of hydraulically operated ma- 
chines. the pneumatically actuated hy- 
draulic power valves respond faster than 
they do when hydraulically controlled. 

Pneumatics and hydraulics have many 
things in common. But whereas the hy- 
draulic medium is an _ incompressible 
liquid the medium used in pneumatic 
controls is highly compressible air which 
for given conditions flows much faster 
and requires only small orifices for dis- 
charging relatively large volumes. 

In regard to delivery of air through an 
orifice, if the displacement in a particu- 
lar main valve is 1 cu. in. the same size 
orifice would be required to deliver 1 cu. 
in. of compressed air, whether the air 
pressure was 60 or 100 lb. per sq. in. Of 
course, for equal volumes of compressed 
air, more cubic inches of free air are 
delivered under 100 than at 60 lb. per 
sq.in. Thus, it is evident that the valve 
will move faster at the higher pressure 
because the velocity of the air through 
an orifice increases with an increase in 
pressure difference between the inlet and 
the outlet sides of an orifice. Thus, in 
pneumatic controls only a small move- 
ment of the control valve is needed to get 
a quick response in the main power valve. 

The pneumatic control circuit may be 
low pressure or high pressure, the air 
Pressure in the power circuit usually 
Tanging from 60 to 80 lb. per sq. in. The 
main valve may be caused to operate 
either by admitting the air to the control 
circuit, that is, pressure operation, or by 
exhausting the air from the control cir- 
cuit, which is called exhaust operation. 
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With hydraulic circuits in mind, one 
might assume that there would be dis- 
tinct advantages by using high pressures 
in pneumatic systems. But the compressi- 
bility of air makes pneumatic operation 
entirely different, in this respect, from 
hydraulic operation. 

The main reason that air pressures in 
pneumatic systems are usually about 80 
lb. per sq. in. is because of the economic 
balance between cylinder size and cost, 
and the cost of compressed air. Air at 90 
lb. per sq. in. pressure is approximately 
6 atmospheres, or 6 cu.in. of free air 
packed into 1 cu. in. of compressed air. 
To raise the pressure one more atmos- 
phere or to 105 lb. per sq. in., 7 cu. in. 
of free air must be compressed to obtain 
1 cu. in. of compressed air. A work cylin- 
der designed for 105 lb. per sq. in. pres- 
sure would be smaller than, and would 
cost less than, a cylinder for the same 


work force using 90 lb. per sq. in. pres- 
sure. However, the saving in cylinder cost 
would not offset the increase in cost of 
air for operation. 

The accompanying schematic diagrams 
are self-explanatory, and show the great 
diversity of automatic features that can 
be attained with pneumatic control cir- 
cuits. As indicated in the circuits illus- 
trated, the control valve may be actuated 
manually or by movement of a machine 
element, by changes in air pressure pro- 
duced by bleeder holes or by differences 
in air pressure at two different points in 
the pneumatic system. The control valves 
of the direct seating type open with the 
first movement, the total stroke usually 
being only 4% in. Usually the control 
valve is spring loaded so as to close im- 
mediately upon release. 

Whether exhaust operation or pressure 
operation of the power valves is to be 
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Fig. 1—Air-controlled and operated riveting machine for feeding and setting shoulder 
studs in thin plates. Air hammer with peen is revolved by a back geared motor 
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selected depends largely upon the length 
of piping in the control circuit. The 
power cylinders should be placed close 
to the clutch or machine element to be 
operated. The various control valves 
must be positioned to give the most eff- 
cient and most convenient operation. The 
power valves should be placed reason- 
ably close to the power cylinder so as to 
minimize the amount of large diameter 
piping required, to obtain quickest action 
of the power cylinder and to minimize the 
waste of high-pressure air that escapes 
on each cycle of operation from the 
piping that connects the power valve 
and cylinder. 

Hence, the length of piping in the con- 
trol circuit, although it should be a mini- 
mum, will be more or less fixed by the 
layout of the machine to be controlled. 
The exhaust type of control system is 
simpler and more economical because it 
requires only one pipe from the control 
valve to the main valve. Its disadvan- 
tages and limitations are that drops of 
water in the bleeder ports in the power 
valve piston may slow or even stop the 
operation. Secondly, in long control lines, 
more than about 15 ft., the pressure drop 
required will be too great. That is, the 
resistance to air flow in the long pipe 
prevents a rapid drop in pressure at the 
power valve. 

For the control lines, 4%4-in. O.D. x 
Ys-in. L.D., 20-gage copper tubing with 
1,-in. iron-pipe-size connections, is gen- 
erally used; y¥e-in. O.D. tubing, 20 gage 
can be used for pressure control. These 
sizes can readily be bent to the desired 
contour and do not require unsightly el- 
bows and fittings. This tubing has ample 
capacity for working pressures up to 100 
lb. per sq.in., and is preferable to steel 
tubing, or steel pipe. as it is free from 
internal scaling. 

Often the question is asked, “Why not 
use larger or smaller tubing?” Smaller 
tubing has too great a resistance to air 
flow. If larger tubing were used a corre- 
spondingly larger volume of air would 
have to be admitted or exhausted from 
the control lines to attain the same pres- 
sure drop. 

Every pneumatic control circuit should 
have some means for lubricating the 
valves and cylinders. One of the best 
methods is to place a lubricator at the 
inlet of the power line to the main valve. 
This will lubricate the power valve and 
the working cylinders. Valves in exhaust 
control are lubricated by the air from 
main valves. Pressure control circuits are 
lubricated by taking the air supply from 
a point between the lubricator and the 
main valve. 

An air cleaner such as a Purolator, 
Cuno or A.C. filter should be placed in 
the main airline ahead of the lubricator, 
as shown in the accompanying illustra- 
tions. Placing it after the lubricator 
would strain out all the lubricating oil. 
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Control cireuit as applied to a 
sticker, for feeding billets of wood into 
feed rolls. As shown in the diagram, the 
feed rolls have drawn a billet out from 
under the pile or magazine, and are about 
to move this billet out from under the 
trip roller, after which the slide drops 
down and opens a cam operated button 
or straight way valve, exhausting the air 
from the right hand end of the main 
valve. This moves the main valve to the 
right hand end feeding air to the rear or 
blank end of the feed cylinder and ex- 
hausting air from the rod end. 

The piston moves forward under con- 
trolled speed, but enough faster than the 


feed rolls to overtake the forward billet 
before it passes the first feed roll, thus 
maintaining a continuous feed of sticks 
or billets to the feed rolls. 

The cylinder does not exert force 
enough to overcome the mechanical re- 
sistance of the feed rolls so it can then 
only keep pace with the mechanical feed. 
This continues until the piston reaches 
the end of its forward stroke. At this 
position, a specially arranged valve on 
the piston rod exhausts the air through 
line 2 from the left hand end of the 
main valve, causing the piston of the 
work cylinder to return to the back posi- 
tion to wait for the next cycle. 
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Control ecireuit for an air cylinder 
used to clamp work in a fixture, it being 
necessary to bring the work up lightly 
until properly located, then full force is 
applied to clamp to hold work firmly. 

When valve 1 is depressed, air is ex- 
hausted from the left hand end of both 
main valves A and B. This causes valve 
A to feed air to valve B and exhaust the 
air from the rod end of the cylinder with 
valve B in the left hand position, air 
from A is directed to the pressure regu- 
lator which reduces the pressure to 5 
or 10 lb. per sq. in., it then flows 
through the check valve to the blank 


end of cylinder, causing it to move for- 
ward under a light force. Air cannot 
pass back through the exhaust port of 
valve B because both exhaust ports of 
this valve are plugged. 

When locating is complete, full line 
pressure is applied to cylinder, by de 
pressing hand button 2, this exhausts the 
air from right hand end of main valve B, 
directing air from valve A to blank end 
of cylinder. To release clamp valve 3 i 
depressed exhausting air from right hand 
end of valve A, thus, feeding air to the 
rod end and exhausting blank end o 
the work or fixture clamping cylinder. 
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Sequence control using a pressure 
control circuit for the main valve. 

The cycle is started by depressing the 
hand operated push button valve 1 direct- 
ing air to the right hand end of the main 
valve, this moves the piston of the valve 
to the left, delivering air to pipe line 2 
which in turn feeds air to the blank end 
of two clamping cylinders A, and also to 


the pressure operated valve 3. This valve 
is set to hold back a _ predetermined 
pressure approximately 15 to 20 Ibs. 
below the full line pressure, a pressure 
just sufficient to cause the clamps to com- 
plete their stroke, then valve 3 opens 
feeding through line 4 to the rod end 
of cylinders B and C. As these cylinders 
complete their inward stroke, they open 


valves 7 and 8 allowing air to flow 
through line 9 to the left hand end of 
the main valve moving the piston to the 
right hand end feeding air to the blank 
end of cylinders B and C, causing them 
to return to their out position; air is also 
piped to the rod end of the clamp cylin- 
ders which by the pressure operated 
valve 11 are retarded in their action. 
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Riveting machine cireuit for feeding 
and setting shoulder studs in thin plates. 
Setting is done by an air hammer with 
the peen revolved by a back geared 
motor. The slide carrying the hammer is 
brought down to the work by a pedal and 
at the bottom of the stroke a control 
valve is opened feeding air to hammer. 

When setting is completed, pedal is re- 
leased and the slide raises until near its 
lop position. It then contacts a trigger 
operated valve, holding it open mo- 
mentarily. then passing over allowing it 
to close. During the open period the main 
valve moves to the left end and feeds air 
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to rod end of transfer cylinder and also 
to rod end of hopper cylinder. 

It being necessary that the transfer be 
back before the loading cylinder comes 
down (this loading cylinder pushes a 
rivet from the jaws to the transfer slide) 
a spring loaded back pressure valve is 
placed in the feed line. This valve re- 
mains shut until a predetermined pres- 
sure, great enough to operate the transfer 
cylinder, is reached. 

When pressure operated valve 1 opens, 
air is then delivered to blank end of load- 
ing cylinder, causing it te move down 
loading the rivet into the transfer, as the 


stroke is completed a finger on the piston 
rod contacts a cam operated valve caus- 
ing it to open. This exhausts the air 
from the right hand end of the main valve 
moving its piston to the right, exhausting 
the air from the left hand lines through 
a check valve in the pressure operated 
valve 2 and feeding air to the bottom of 
loading cylinder and the blank end of 
the hopper cylinder. After these return 
and the pressure builds up, the pressure 
operated valve 2 opens and the transfer 
cylinder moves to the riveting position, 
work is then placed over the rivet and the 
pedal pressed to set the rivet. 
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CAST STEEL 


Lffect of Additions on Quality 


C. H. LORIG 


Supervising Metallurgist, Battelle Memorial Institute 


ECHNICAL and industrial devel- 

opments leading up to the present 

status of the low alloy, high yield 
strength, structural steels have had a far 
reaching effect in the steel castings 
industry. 

To meet the trend in design for rail- 
road equipment towards lightening the 
weight of existing structures without sac- 
rifice of strength, low alloy high strength 
cast steels have been developed in the 
past few years to provide for a combina- 
tion of properties of castings in the nor- 
malized state to meet the following speci- 
fications of the A.A.R.: Tensile, 90,000 Ib. 
per sq. in. min., yield 60,000 lb. per sq. 
in. min., elongation 22 per cent min., and 
a minimum reduction of area 45 per cent. 

To date the three steels accepted by 
the railroads are the nickel-manganese, 
the manganese-vanadium, and the man- 
ganese-titanium types. Each contains from 
about 1.25 to 1.70 per cent Mn. The 
average amounts of nickel, vanadium, and 
titanium added are: 1.00 to 1.50 per cent 
Ni, 0.10 per cent V, and 0.05 per cent 
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Ti. These steels in the normalized condi- 
tion and suitably drawn have the same 
properties so that the choice between 
them depends on the practice and experi- 
ences of the individual foundries. Con- 
siderable tonnages of side frame, bolster, 
coupler, and other castings have been 
put to test on railroads. Substantial sav- 
ings in weight have been effected. 

These new steels and the demand for 
light weight structures have introduced 
many problems involving design and 
casting technique. The trend in design 
toward reduction in section has greatly 
increased the importance of eliminating 
casting defects and has placed a pre- 
mium on sound castings. Some of the 
difficulties are being overcome success- 
fully by better supervision of melting, 
pouring, molding, and sand technique; 
yet there is still much to be done towards 
perfecting the surface and eliminating 
so-called stress raisers in the castings. 

Finlayson of the Pacific Car and 
Foundry Company, see /ron Age, Vol. 
144, July 20, 1939, pages 43-47, recent- 


ly described the use of steel castings 
in landing gear assemblies in the con- 
struction of giant transports of modern 
design. Here was an application for sicel 
castings that required a careful seru- 
tiny of the casting art before the cast- 
ings could be made successfully. The 
chemical and physical requirements for 
the steel in the castings were not dif- 
ficult to satisfy. However, any form of 
crack, shrink or discontinuity on the sur- 
face or within the castings was cause 
for rejection. The castings were finally 
made of copper-silicon steel containing 
0.12 to 0.20 per cent C, 1.10 to 1.35 per 
cent Mn, 1.0 to 1.25 per cent Si, 1.50 to 
2.0 per cent Cu. This alloy steel was said 
to have marked fluidity so that it was 
capable of running into thin sections 
without cold shuts. Dry sand molds were 
used exclusively in the production of 
the castings, special precautions were 
also taken to secure adequate venting and 
core relief. The molds were coated with 
a double wash of zirconium oxide which 
improved the surface. 

The castings were subjected to a thor- 
ough inspection at the foundry and again 
at the customer’s plant. Before machining 
the customer examined the castings for 
cracks and other defects by magnaflux- 
ing. After machining, each part was 
pickled and cadmium plated. Incidentally 
plating revealed slag spots, spongy areas, 
and internal fissures which had been ex- 
posed in machining. If no defects were 
discovered by this means the castings 
were again magnafluxed. After this, 
some castings were X-rayed to discover 
internal cavities or shrinks. The number 
of accepted castings naturally fell far 
below the average commercial yield. 

That castings are being made for and 
are accepted by the aircraft industry is 
an indication of the marked refinements 
that are possible in casting technique. 
This development should be an inspira- 
tion to the steel casting industry since it 
paves the way to new applications for 
castings. 

It should be remembered that cast- 
ings have engineering values in their 
own right. In many uses of steel cast- 
ings, as for instance where flow lines 
might lead to failure, the lack of direc- 
tional -properties in the castings make 
them more enduring than forgings. 

A year ago the Ford Motor Com: 
pany announced the successful cast: 
ing of steel gear blanks in centrifugal 
dies. The method is now in regular 
production of all Ford truck ring gear 
blanks and will be extended to full 
production of car ring gears and trans 
mission cluster gears as quickly as the 
necessary equipment is completed. The 
advantages claimed for the gears made 
by the new method are greater strength, 
lighter weight, and faster production. 
The improved strength in the cut teeth 
is the direct result of the absence of 
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all tow lines in the centrifugal castings. 
Thus the metal is equally strong in all 
directions and is not weakened by flow 
lines parallel to lines of greatest stress, 
a condition which exists in some forg- 
ings. 

It is now recognized that steel cast- 
ings have another advantage when com- 
pared with forgings. The coarse grain 
structure of the casting seems to give 
it inherently greater resistance to grad- 
ual distortion at high temperature, that 
is, greater creep strength than forged 
material of the same composition. Work 
which Battelle and others have done 
on creep testing of such materials in- 
dicates this superiority for the cast 
steels. 

The factors which lead to low duc- 
tility in cast steel are finally being 
discovered. The work that has _ been 
done by Sims and Lilliquist at American 
Steel Foundries, the more recent work 
by Sims and Dahle at Battelle and the 
contributions of several other investiga- 
tors have clarified the situation to a 
large extent. Low ductility is invariably 
associated with certain arrangements 
of non-metallics, especially manganese 
sulphide. 

As a result of their work, Sims and 
his co-workers reasoned that materials 
which may form inclusions in castings 
are in solution in the liquid steel. A 
high oxygen content decreases the sol- 
vent power of these non-metallics and 
hence in the presence of high oxygen 
they precipitate out of solution in the 
early stages of solidification and take 
the globular, harmless form. The solvent 
power of the steel for non-metallics 
increases. as the liquid metal is more 
thoroughly deoxidized; under these 
conditions the non-metallics are held 
in solution till near the end of solidifi- 
cation and are then precipitated in the 
harmful network or eutectic form. 

Sims and Dahle, see Transactions, 
American Foundrymen’s Association, 
Vol. 46,1938, pages 65-132, found that 
with no aluminum the manganese sul- 
phide inclusions are globular and not 
harmful. With small amounts of alumi- 
num, sulphides are precipitated in a 
string-like or eutectic form giving rise 
to a network in the steel and also to low 
ductility. By using larger amounts of 
aluminum the aluminum sulphide type 
of inclusion is formed which again is 
less soluble in the steel and hence 
Precipitates as a harmless inclusion. In 
Fig. 1 are summarized the results of 
the effect aluminum has on the ductil- 
ity and impact strength of grade “B” 
steel of different sulphur contents. 

Recently Crafts of Union Carbide 
and Carbon Laboratories has indicated 
that the ductility may be further aug- 
mented by the introduction of calcium 
with the aluminum. 


The occurrence of called 


“spots,” 
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fish-eyes in welds, in fractures of test 
bars of cast steels is now receiving 
rather general consideration. These 
“spots” are attributed to hydrogen. 
They may appear, for example, when 
the steel is tested shortly after normal- 
izing. Long aging at room temperature 
or short aging at a moderately elevated 
temperature causes the spots to disap- 
pear and with their disappearance the 
ductility of the steel is greatly im- 
proved. It seems that “spots” do not 
occur, for some unknown reason, in 
steels from every heat. So far as is 
known they have never caused a service 
failure; yet they may be responsible 
for many instances where test speci- 
mens fail to meet specifications for duc- 
tility. The same problem faces the weld- 
ing industry and to a lesser extent the 
steel industry in general. As an ex- 
pedient, low temperature annealing is 
quite effective in removing the “spots.” 

In the last year or two, 
have been developed for 
various alloying elements 


mixtures 
introducing 
into cast 


steel and cast iron that produce heat 






Reduction of area 


and cause the various alloys to melt 
immediately and to disseminate in the 
metal without a decrease in temperature. 
This has made possible the extensive 
alloying of steels and irons in the 
ladle, and the introduction of alloys 
to the furnace without chilling the bath. 

More emphasis has been given lately 
to the heat-treating of steel castings 
with the result that castings as large 
as 11% tons are being water-quenched 
and tempered. The water quenching of 
castings is not new; yet the steel foun- 
dry has been slow in realizing its possi- 
bilities. 

In closing some mention should be 
made concerning the progress made 
on investigating the effect of high tem- 
peratures on steel sands that is being 
done at Cornell University under the 
sponsorship of the American Foundry- 
men’s Association. This work has shown 
that some sand mixtures are sensitive 
to heat-shock whereas others are not. 
The information gained from these tests 
should eventually be of direct interest 
to the steel castings industry. 
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Examples of parts manufactured, illustrating the type of work done 
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in the Custom Parts Division of the Waltham Watch Company 


PRECISION PARTS 


ARTS such as pivots, pinions, and 

wheels for watches, timers, in- 

struments and small devices are 
extremely delicate to make. And they 
also must be made to an unusual degree 
of accuracy if the mechanism in which 
they are to be used is for a precision 
instrument. As a generality, for a given 
dimensional inaccuracy in a part, the 
error produced in the operation of the 
finished device is about inversely pro- 
portional to the size of the part: the 
smaller the part the greater will be the 
error produced by a given dimensional 
inaccuracy. 

Because of the extreme degree of 
accuracy required in the parts of pre- 
cision devices, highly specialized manu- 
facturing processes, machinery, and 
technique had to be developed to pro- 
duce such parts. An ordinary first class 
toolmaker requires at least two years 
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Custom Parts Division, Waltham Watch Company 


further experience before he becomes 
proficient in the manufacture of small 
parts. The tools must be made under 
microscopes and the setting-up of the 
screw machines requires a degree of 
skill that is not needed in producing 
larger pieces. Some of the screws pro- 
duced are less than 0.10-in. long and 
0.025 in. in diameter, so small that a 
powerful magnifying glass is needed to 
be able to see the threads. Many parts 
are made to specified commercial toler- 
ances of +0.0001 in. and minus nothing. 
A given dimension in a lot of 1,000 
pieces normally has not more than 
0.00008-in. variation. 

In the experiences of the Custom Parts 
Division of the Waltham Watch Com- 
pany which devotes itself exclusively to 
the manufacture of parts for instruments, 
gages and similar small parts, it has 
been found repeatedly that close contact 


and cooperation between the instrument 
designer and the parts manufacturer is 
essential. Also, it is advisable not to 
have mating parts or different parts for 
the same sub-assemblies made in differ- 
ent plants. It saves many harmful errors 
where one concern makes complete sub- 
assemblies or groups of mating parts. 

It is common practice for designers to 
specify maximum tolerances of only 
0.0001 in., to make the engineering of 
said parts easier. This is costly and 
usually unnecessary for the manufac- 
turer. An important step in the design 
of instruments is first to establish stand- 
ard center-distances for gears, shafts and 
pinions. When this has been ac 
complished wider tolerances can be es 
tablished on integral parts. The follow- 
ing sketches show a simple method of 
doing it, as used by the Waltham Watch 
Company. 
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As an example, Fig. 1A shows two 
plates to be used to hold a train of gears. 
The three center-distances are marked 
a,b and c. By using a compound die to 
blank and pierce holes 1-2-3, the part 
shown in Fig. 1B is produced. Holes 
]-2-3 are used as pillar holes on screw- 
ing or riveting locations and are so 
dimensioned that they can be easily 
pierced. A die is then made to pierce 
at one setting the three center-distance 
holes. locating them from holes 1-2-3, 
giving the part shown in Fig. 1C. Thus 
tolerances within 0.0005 in. to 0.0010 in. 
yariation can be successfully maintained 
on center-distances. 

In overcoming this problem of ac- 
curate center-distances, where the ma- 
terial to be pierced in the second die is 
thicker than 2% times the diameter of 
the holes, a preceding drilling operation 
is necessary. The holes should be drilled 
within 0.0003 in. to 0.0007 in. of the 
finished size, allowing a few _ ten 
thousandths for trimming or shaving. 

Before the development of methods to 
produce highly accurate center-distances 
the errors in center distance had to be 
compensated by extra highly accurate 
gear and pinion assembly and the total 
run out allowable for a gear and pinion 
assembly was therefore only 0.0005 in. 
to 0.00075 in. Now tolerances on in- 
tegral parts can be as much as 0.001 in. to 
0.002 in., which increases production 
and lowers cost. This applies equally 
well on pinions required to rotate around 
their central axis in bearings already 
provided. The sizes of the holes when 
shaved remain constantly within 0.00025 
in. to 0.0005 in. variation in diameter. 
Therefore, pivots for these parts may 
vary from the original set-up tolerances 
of 0.0002 in. to 0.0005 in. to between 
0.001 in. and 0.002 in., making it possible 
to reduce the cost of the parts and to 
speed up production. 


Another important feature in a train 
of gears after eliminating close toler- 
ances as described above, is to establish 
enough room between gears to allow 
wabble, as shown in Figs. 2 and 3. In 
Fig. 2 dimension A shows the greatest 
amount a gear will wabble when given 
+0.010 in. to —0.010 in. wabble toler- 
ance. This then requires approximately 
0.050 in. clearance distance between the 
two parallel gears. And as shown by 
dimension C it is also a safe policy to 
allow an equal amount of clearance for 


the gear nearest the side or end of the 
instrument. 


Fig. 3 illustrates a condition which 
entails added expense in manufacture. 
In watch manufacture, space is at a 
minimum and, in many cases, clearances 
of from only 0.0005 in. to 0.001 in. be- 
tween gears is not uncommon. It is im- 
portant to note that wherever extremely 
thin fiber or bakelite gears are to be 
used, clearance must be provided for an 
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even greater wabble because of the high 
moisture absorption of the material 
which might cause warping or twisting 
when the gear is mounted. 

In many instances engineers use the 
werd finish as promiscuously as any 
other limit of the piece or part. Finish 
today is becoming so important that it 
is hoped a national standard of finishes 
will be established and used universally. 
The word “polish” is often used on 
drawings. To be extremely conservative, 
there are probably ten or more different 
polishing qualities that can be dis- 
tinguished by a mere ten-power glass. 
Actually there may be as many as fifty 
more. Some engineers use the notifica- 
tion “mirror finish.” This again is not 
explanatory or foolproof. A diamond 
cutting of non-ferrous metals is an ex- 
ample of mirror finish and yet it is 
usually much rougher, electrically gaged, 
than “Superfinish.” The one and only 


way of indicating on a drawing the 
type of finish in a manner which is clear 
and precise to the watch manufacturer is 
the wording used by some, “Polished 
similar to watch pivots.” Whenever 
ordering work of this type in which 
finish plays an important part it is more 
practical to furnish a sample showing 
the finish which is acceptable. This then 
gives the contractor a positive example 
of the finish desired on.the part and 
may mean the difference between an 
intelligent cost quotation or one which 
may appear to be ridiculous. 

Materials to be specified for the part 
can be more practically determined by 
the engineer designing the instrument 
than by the manufacturer. In passing 
it might be helpful to note that 70 per 
cent of all extremely high quality pre- 
cision parts such as shafts, arbors, small 
gears and pinions are successfully pro- 
duced in 0.90 carbon drill rod, hardened 
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- Nicked 






Undercutting of underside 
of head allows short lead 
of die to advance and make 
a full thread for a distance 
slightly beyond plane of 
underside of head. 


, Countersunk 
/ tapped hole 


FIG. 8 





Conventional method of 
undercutting 1¥2 to 2 threads 
permits turning screw all 
the way into tapped hole. 


“ Head undercut 


Screw with full thread up to 
distance within Y2 thread of 
underside of head. 
Countersunk hole allows head 
to seat flush. 
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Spline left 
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Shoulders extending beyond work 
area, no need to remove burrs 
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and tempered to approximately 550 deg. 
F. This allows the piece to be machined 
in the “soft” or normal stages but it is 
still possible after hardening and temper- 
ing to stake it to a component part. 

Similar parts that have been en- 
gineered in the lower carbon grades such 
as X1112, or others that are case hard- 
ened, are difficult to finish because of 
the uneven qualities of the hardened 
surface. Many of the finishing or pol- 
ishing operations reduce the hardened 
“skin” or surface to the soft stage, 
making the part unusable. 

With beryllium copper or similar ma- 
terials the machining qualities are so ex- 
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tremely poor that the cost of parts made 
from this material is almost prohibitive. 
Beryllium copper has been machined 
successfully only by tungsten-carbide 
tools. A free machining monel metal, 
although not too easy to machine, pro- 
duces fine quality parts at approximately 
the same cost. 

Corners at bearing or thrust shoulders 
on shafts should be sharp and square. 
If filleted, it will be practically impos- 
sible to have a surface to surface bear- 
ing between the thrust shoulder and the 
plate against which it bears. The non- 
fitting fillets will tend to collect dirt or 
abrasive substances and cause scoring. 


Two methods, Figs. 4 and 5, show 
successful designs for bearings and 
pivots for rotating shafts which must 
have adjustments for thrust. 


Fig. 6 shows the conventional and 
most common method of undercutting 
11% to 2 threads under the head of a 
screw in order that the screw can be 
turned all the way into a tapped hole. 
In watch making parlance this operation 
is usually called nicking or grooving. 


Fig. 7 shows how the same effect a 
obtained by undercutting the threads 
can be obtained by undercutting the 
underside of the head of the screw te 
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allow the short lead of the die to ad- 
vance further and thereby make a full 
thread for a distance slightly beyond the 
plane of the underside of the head. 


Fig. 8 shows a screw with full thread 
up to within 144 threads from the under- 
side of the head. The hole for the 
screw must be chamfered to allow the 
head to seat flush. 


Fig. 9 illustrates a part as specified 
by the customer who wanted a gear and 
shaft assembly of two parts of the same 
material. This proved to be unsuccessful 
because the gear being large and the 
shaft being small, there was not enough 
for staking and the wheel ran out of 
true beyond any reasonable tolerance. 
Generally, it is unwise to stake like ma- 
terials together, especially where rigid 
keying effect is wanted. 


Fig. 10 shows the elimination of the 
trouble through the addition of an extra 
part of brass which more than doubled 
the area of contact. After pressing the 
brass bushing into the stud wheel and 
boring the hole true with respect to the 
wheel O.D., the wheel was then as- 
sembled to the shaft successfully. 
Knurling or splining shafts in similar 
assemblies is good practice, wherever 
tight fit is important. 


Fig. 11. To save expense and to in- 
sure high production when a keying 
arrangement is desired on a small pinion 
and wheel assembly it will be well to 
design the root diameter of the pinion 
so that when the staking shoulder is 
turned there is enough solid rim remain- 
ing for the spline in the bore of gear. 


Figs. 12 and 13 show typical engineer- 
ing for minimum cost and maximum pro- 
duction. Fig. 12 shows the design as 
submitted by the customer. The shaft 
is turned from square extruded stock, 
the square being used as a keying 
arrangement. Fig. 13 shows the simpli- 
fied method which, by adding one opera- 
tion, greatly reduced cost. 


Fig. 14 shows length added to the 
shoulders so that turning burrs remain 
on the pinion but are in such a location 
as to be harmless. If these burrs must 
be removed the cost of producing the 
part becomes greater. When designing 
the tooling for turning pinion rod it is 
safe to say that a tool which is designed 
so as to start the cut below the root 
diameter and progress to the desired 
length can be driven to the maximum 
production limitations of the turning 
tools themselves. If a plunge cut or 
forming cut is used it is wise to retard 


Typical Examples of Precision Parts 


the cutting speed at least two or three 
times until the tool is cutting below the 
root diameter. The cutting can then be 
done at maximum tool speed until the 
final diameter is obtained. 

It is well for the engineer to remem- 
ber when designing precision instru- 
ments to simplify as nearly as possible 
the gear reductions so that not too 
great a number of teeth need be on any 
one wheel or gear. Qn the other hand, 
small pinions and small gears are dif- 
ficult to produce where less than 10 to 
11 teeth are required. In watch work it 
is sometimes necessary to have pinions 
with as few as six teeth. Less than nine 
teeth are not recommended. When the 
gear train reduction has been worked 
out, the next step is to consider the 
shape and size of the instrument, keep- 
ing in mind some method to hold stand- 
ard center distances or location. 

Last but not least, because of the 
highly specialized nature of this work, 
it will also be found that consultation be- 
tween the engineers of the parts manu- 
facturer and the engineers designing the 
parts is of a mutual benefit. Many times 
the parts manufacturer wild suggest mod- 
ifications of design which will benefit 
both parties in reducing cost and im- 
proving quality of the precision part. 
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Table IV—Cam With| 
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GRAVITY CuBE 
Tyee Unirorm VELOCITY 
ACCELERATION * DECELERATION ACCELERATION 
B Ka Ka? vy — Ke Kei 
£. 2¥ 24 AW | 
K a ee e e 
N vY+¢ 
A Ka+¢ Ke + ¢ N — Ke Ke + @ | 
R JVC? + M? —2CM cos A JC? + M? —2CM cos A JC? + M? —2CM cos A JC? + M? — 2 CM cos A 
dR KCM sin A 2 KCMa sin A a KCMa sin A 3 KCMe? sin A 
da R R R R 
de K [M? — CM cos A] 2 Ka [M? — CM cos A] 2 Ka (M? — CM cos A] 3 Ka? [M2 — CM cos A] 
= 1+ Fe 1 + Re 1+ Re 1+ Fe 
dR KCM sin AR 2 KCMa sin AR 2 KCMasin AR 3 KCMe? sin AR 
de R? = K [M2 — CM cos A] R? = 2 Ka(M? — CM cos A} R? + 2 Ka[M? — CM cos A] R? = 3 Ke? {M? — CM cos A] 
@R K*CM [R®cosA —CM sin?A] | 2KCM [R? {2Ke2 cos A + sin A}—2KCMo’sin?A] | 2 KCM[R?{ 2Ka? cos A — sin A} + 2KCMo? sin? A] | 3KCMa[R? {3Ka' cos A+2 sin A } —3KCMo' sin‘ A 
da? R’ R: R8 R: 
de (C? — M?) K*CM sin A 2K{2KCMo’sinA (C?— M?) +R? (M?2—CMcosA]}} 2K{2KCMe? sin A(C?—M?) — R? (M?—CM cos A]} 3 Kaj 3KCMoésinA (C? — M?) +2R? (M?—CMcosA 
+ + + = 
do Rs Rs Rt Ri 
T R? = K [M? — CM cos A] R? = 2 Ka[M? — CM cos A] R? + 2 Ka(M? — CM cos A] R? = 3 Ko? [M? — CM cos A] 
eo KCM sin A 2 KCMa sin A — 2 KCMa sin A 3 KCMe? sin (Ka® + ¢) 
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Velocity 
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follower 
Accel. 
of o and 0 2 Kw’ —2 Kw 6 Kura 
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* Sign of a for “‘ Gravity ’’ and “* Cube ”’ decelerations is negative 


v 
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Total angular movement of follower arm 
Any angular position of follower arm 
Total angular movement of cam to give ¥Y angular movement 


to follower arm 


R 
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= Any angular position of cam to give angular position 6 to 


follower arm 


Qer a BD 
huu id dea 


of cam 


~ 
tou il 


et = 


Radius of base circle 

Radius vector of path of center of follower 
Vectorial angle of radius R = a + y 
Angle between tangent to path of center of follower and R 
Pressure angle 
Distance between center of swing of follower arm and center 


Length of follower arm 
Angle between C and initial position of M 
Angular velocity of cam 
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amen for determining motion fac- 
tors for cams with radial followers, 
and for cams with offset followers, with 
an analysis of each type were presented 
in the May 1940 number of Propuct 
ENGINEERING. It should be emphasized 


Swinging Follower 


again that the author does not wish to 
give the impression that the four types 
of base curves discussed are suitable to 
meet all cam designs, nor that they are 
necessarily the best that can be devel- 
oped. They are merely curves which can 


be used successfully in most cam de- 
signs. As cam cutting methods improve 
and designers realize the advantages 
which can be gained by using one type 
of cam curve in preference to another, 
better cam curves may be developed. 
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When swinging follower arm is mounted so that the extremities of arc of 
travel of roller center are on a radial line as shown 





9 
sp dR +2 dR € = a — y when cam is “ running off ” 
dé d ¢ € = a + y when cam is “ running on ”’ 
When follower center moves on an arc which when continued passes 
through the center of the cam 
i”) i” 
dR Pe _de x eR ¢€ = a + y when cam is “ running off ” 
2 R d « dé da d a* € = a — y when cam is “ running on ”’ 
d? 
where ; = 
d € IR 3 
¢ _ ° ‘ ‘ — 2 . 
;e The cam is “running off’? when the follower arm is in tension, 
” ‘** running on ”’ when in compression 
- 
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STRESS-STRAIN ANALYSIS 


From Crack Formations in Brittle Lacquer Coatings 


HAPES of structures or methods 

of construction which combine the 

optimum of efficiency in load carry- 
ing with low costs are often difficult to 
determine or select on the basis of such 
data that are available in a paper draw- 
ing. Many times the results of a quick 
qualitative test would yield sufficient in- 
formation upon which to base a sound 
decision. For example, one manufacturer 
quickly checks the proposed shape of 
valves by studying the proper cross- 
section in a comparatively simple photo- 
elastic test set-up. Here the prime in- 
terest is to get a valve of such shape 
that there will be no excessive stress 
concentration. No complicated set-ups 
are used, the parts are bent by hand 
and the stress bands observed in a 
convenient mirrror. If necessary, the 
final shape can be treated to more ex- 
haustive analysis. 

Not all structures, however, lend them- 
selves conveniently to photo-elastic study. 
Usually in three dimensional structures 
the distribution of stresses around some 
sections is often in doubt. Even the 
shortest length strain gage may be too 
long to show accurately the amount or 
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Fig. 1—Chart for selecting the correct 
lacquer to suit humidity and temperature 
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direction of stress. If a box section with 
a curved surface, such as fillet, or with a 
corrugated surface is under test the job 
of determining stresses and their direc- 
tion is practically impossible with stand- 
ard strain gages. A satisfactory study 
could only be made with a great many 
strain gages of very short gage lengths. 
The maximum results would be obtained 
if the entire surface could be covered 
with a “skin” of infinitesimal gages giv- 
ing an infinite number of readings. The 
nearest approach to this ideal would be 
a coating which would indicate the 
amount and direction of stress by some 
change in its form. 

The spalling off of the brittle oxide 
scale on hot-rolled or annealed steel has 
long been used as an indicator of local 
strains which are high enough to ex- 
pose the metal beneath the oxide. White- 
wash is used frequently to increase the 
visibility of the disturbed area. How- 
ever, the oxides spall in an irregular pat- 
tern and only indicate areas of plastic de- 
formation. 

It is often important not only to have 
an indication of the areas of high strain 
but also to have indicated the direction 





of the greatest strain. A brittle coating 
to be a strain indicator, therefore, should 
have the additional property of adhering 
firmly to the surface while fracturing 
within itself. Anodic coatings on alumi- 
num alloy parts exhibit these proper- 
ties. While not sensitive to low stresses 
anodic coatings are useful for indicating 
high stresses particularly at the point 
where plastic deformation begins and 
where high stress concentrations occur. 
Experiments with varnish, lacquers 
and hot resin coats began both here and 
in Europe about 1927 and showed some 
good qualitative results. Descriptions 
of these early experiments were pub- 
lished by Dietrich and Lehr, “Das 
Dehnungelinierverfahren,” Zeitschrift des 
Vereines Deutscher Ingenieure, October 
8, 1932. These coatings had the desired 
properties of indicating the direction of 
strains and stresses within the elastic 
range of the underlying material. Qual- 
itative pictures of areas of maximum 
tensile strains and their directions shown 
by cracks which ran perpendicular to 
the principal tension strain were used 
as a basis for the location of special 
short gage-length optical strain-gages. 


Fig. 2—Calibration strip, calibrator and strain scale used in brittle lacquer strain test 
ing and analysis. A calibration strip is sprayed and dried simultaneously with the 
structure that is to be tested. The strip is loaded as a cantilever beam in the calibrator 
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\t the Massachusetts Institute of 
Technology, in 1937 research work was 
begun to produce lacquers and methods 
of calibration which might allow quan- 
titative measurements to be made by the 
use of the brittle coating alone. One 
outstanding objective was the formula- 
tion of a lacquer which would, on dry- 
ing, form a sensitive coating that would 
be uniformly brittle over a_ practical 
range of thickness; since the remaining 
alternative of applying a uniformly thick 
film of lacquer over the surface of an 
irregularly shaped body would be ex- 
tremely difficult to attain. 

Air drying lacquers were developed 
which could be sprayed on a surface 
which after drying over night would be 
ready for tests. Experiment indicated 
that to obtain satisfactory results under 
different atmospheric conditions of tem- 
perature and humidity a graduated series 
of brittle lacquer was required. Eleven 
types of lacquers (Stress coat Nos. 664- 
674) are used depending on prevailing 
humidity and temperature. The chart 
Fig. 1 shows the correct lacquer to use. 

Coatings begin to fracture at about 
0.007 in. per in. strain. A recognizable 
variation of crack pattern is produced 
up to about 0.0012 in. per in. strain under 
normal test conditions. In steel these 
values represent a stress at the first 
fracture of about 20,000 lb. per sq.in. 
with the pattern changing until a stress 
of about 35,000 lb. per sq.in. has been 
reached. Above that limit the crack 
pattern changes so slowly that the rec- 
ognition of the amount of strain becomes 


Fig. 3—~Comparing check pattern on cali- 
bration strip, after loading in calibrator, 
with strain scale 
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Fig. 4—Apparatus necessary for conducting strain analysis studies with brittle lacquers 


difficult. The sensitivity of the coatings 
may be increased by temperature manip- 
ulation. For instance, a coating dried at 
75 deg. F. and tested at 68 deg. F. 
would begin to fracture on steel at about 
12,000 lb. per sq.in. stress. Surface 
finish has a negligible effect on the 
sensitivity of the brittle coating. 

Since the range of strains that can be 
evaluated is smaller than the range 
present in most structures, a complete 
strain analysis must be obtained by ap- 
plying Hooke’s Law. In general, Hooke’s 
Law is a good approximation of the per- 
formance of the entire structure and by 
measuring local strains at different values 
of loading, the local strains for any 
other value of loading can be obtained 
by interpolation or extrapolation. For 
example, a fillet which shows 0.0008 in. 
per in. strain with 1,000 lb. load on the 
structure is known to have 0.0016 in. per 
in. strain under a 2,000 Ib. load. 

While the brittle coating is not affected 
by compression strains it is still possible 
to evaluate them. In studying com- 
pression stresses the elastic structure is 
placed under maximum load and the 
brittle coating applied to the surface. 
The test is then run by relaxing the loads 
from their maximums causing the coat- 
ing to crack in a manner very similar to 
that for the evaluation of tensile strains 
by the addition of loads. 

The brittle coatings provide a large 
number of principal tension strain indi- 
cators with a minimum gage length of 
the order of 0.05 in. with a workable 
range of approximately 0.0007 to 0.0012 
in. per in. strain. In both tension and 
compression testing the amount of strain 
is evaluated by calibration. A calibra- 
tion strip, see Fig. 2, is sprayed and dried 


simultaneously with the structure that is 
to be tested. The strip is loaded as a 
cantilever beam in the calibrator. A 
close-up of a previously loaded calibra- 
tion strip placed in a strain scale is 
shown in Fig. 3, the scale is marked 
with the strains corresponding to the 
calibrator loadings. The regularity of 
the crack pattern on the tested structure 
and on the calibration strip are matched 
to permit direct evaluation of the strains 
on the structure without counting the 
number of lines. 

Rate of loading seems to have little 
effect on the crack pattern provided the 
maximum load is reached within 10 min. 
Since considerable time is usually re- 
quired for inspecting new crack forma- 
tions during loading, a convenient 
method is to load until a general inspec- 
tion is desired and return the load to 
zero during the inspection, after which 
the load can again be applied. Pre- 
liminary tests indicate that the coatings 
react normally at high rates of loading 
even into the impact range. However, 
more exact measurements will have to 
be made before it is certain that the 
strain sensitivity remains fixed. 

A spray gun is best for applying the 
lacquers. It has been found that the 
clouds of bubbles, formed in the lacquer 
coating by the action of the gun, aid 
materially in causing more uniform 
cracking. If the surface is not naturally 
reflecting, a specially prepared alumi- 
num-pigmented lacquer is used as an 
undercoating, because a bright surface 
beneath the brittle coating is needed to 
make the cracks visible. 

The apparatus required for the brittle 
lacquer method of strain analysis is 
shown in Fig. 4. The equipment in- 
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Fig. 5—Cracks in lacquer coat indicate 
strains at bottom of a circular saw tooth 
caused by loading 


cludes: spray-gun, air regulator, psy- 
chrometer, calibrator, calibration strips 
and scale, lacquers, lacquer selector chart 
and psychrometer chart. 

When the correct lacquer has been 
selected according to temperature and 
humidity the temperature of the struc- 
ture and coating should be held fairly 
constant. Parts should not be subject 
to sudden temperature variations of 
more than 5 deg. or a slowly acting 
change of more than 10 deg. F. while 
drying. These same limits should not 
be exceeded during the test. 

This method of testing with brittle 
lacquers has been successfully applied 
in static tests of airplane engine con- 
necting rods, pistons and other parts, 
welded sections, tanks and _ pressure 
vessels, valves and pipe fittings, wrenches, 
rotating saw blades, three dimensional 
celluloid models of large structures and 
other structures of practical importance 
varying in size from ‘¢-in. diam. spot- 
welds to 60-ft. long pressure tanks. A 
few of these applications are shown in 
Figs. 5 to 9 inc. Observation of the 
start and growth of these patterns as 
the loads on the structures increased is 
of greater value than simply the final 
pictures as shown here. 

On areas of moderate strain concentra- 
tion, values of principal tension and 
compression strains may be estimated 
within an error of about 15 per cent by 
this method. On complicated structures 
the error may be as much as 25 per cent, 
but even that may be better than the 
results of other approximate solutions. 
The direction of principal strains is 
indicated with exceptional accuracy. 
When more intensive study is desired 
the qualitative picture of areas and 
direction of principal strains provides an 
excellent aid for placing instruments of 
higher precision at the critical points 
to be investigated. While but few at- 
tempts have been made to apply this 
method to tests of parts under dynamic 
loads it appears quite useful as a quali- 
tative check of a structure. One of the 
most interesting features of the method 
is the fact that cracks form in the brittle 
coating during static test at those points 
where fatigue cracks are most likely to 
form in the structure under the dynamic 
loading of actual operation. 
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Fig. 7—Crack patterns indicat- 
ing strains on a bourdon tube, 
(a) tension side of tube, (b) 
compression side of tube 








Fig. 8—Section of a celluloid model of a deck beam 
of a ship, cracks in coating indicate strain 





Fig. 9—Strain pattern of plate with hole, after tension 
test. Coating cracks show the uneven distribution of 
strains around hole in thin plate specimen 
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PRODUCT FINISHES—ITI 


Causes and Remedies for Finishing Troubles 


GORDON H. ROBERTSON 


Sherwin-V illiams Company 


HE object of the series, of which this 
is the final installment, is to facili- 
tate the work of the engineer who speci- 


fies product finishes so that he may 
quickly detect causes of defects and sug- 
gest remedies. Of primary importance, 


proper cleaning and treatment of sur- 
face before applications will avoid later 
complications in many cases. 





18. Discoloration 


CAUSE 


A. Over-baking in either time or temperature. 


B. Presence of foreign vapors. 


REMEDY 


A. Check oven temperature carefully. Sometimes oven recorder 
is out of order and should be checked either by the oven manu- 
facturer or your finishes engineer. 


B. Investigate the nature of any vapors which might be present. 
It will then be necessary to shield off the vapors from contact 
with the finish or if contact is unavoidable, you should consult 
the finish manufacturer for proper recommendation to meet the 
hazard. 





19. Excessive Print 


CAUSE 
A. Insufficient drying time. 
B. Under-baking. 
C. Too heavy a coat. 


D. In some cases, the addition of too much drier actually retards 
drying of film. 


E. Slow drying due to poor drying conditions. 


REMEDY 
A. Allow longer air drying. 
B. Bake more thoroughly, check ventilation of oven. 
C. Apply lighter coats. 


D. Cut down on drier addition. 
drier is being used. 


Check to be sure that correct 


‘ 


E. See reference to ‘‘ Non-drying or Poor Drying.”’ 





20. Dirty or Seedy Finish 


CAUSE 


A. Unclean conditions of application 
1. Dust in paint room. 
2. Dirt in air or paint lines of spray apparatus. 


B. Improper solvent which tends to throw resin out of solution. 


C. Material has been subjected to extreme cold which tends to 
throw some particles out of solution. 


REMEDY 


A. Cleanliness. 


Rearrange equipment so that any spray dust from booths does 
not reach drying chamber. 


B, Use the proper recommended thinner. 


C. Allow material to reach 75 deg. F. before applying. 
seedy, consult the finish manufacturer. 


If still 





21. Orange Peel 


CAUSE 


A. Use of improper solvent for prevailing temperature condition. 


B. Improper handling of spray equipment. 


C. Application of too thin a film not allowing proper flow. 


REMEDY 
A. Choose a solvent which will allow greater flow. 


B. Adjust air pressure and fluid flow and be sure that gun is held 
at proper distance from work. 


~ 


>. Apply heavier film. 





22. Oil-Bloom of Lacquers 


CAUSE 


A. Rubbing down with oil before lacquer is thoroughly dry. 
Absorbed oil floats to surface later. 


June, 1940 


REMEDY 


A. Allow longer drying time. Bloom can be removed sometimes 
by washing with gasoline or spraying thin coat of clear. Allow 
to dry and re-rub. 
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23. Blushing of Lacquers 


CAUSE 


A. Separation of cotton due to: 

. Humid weather. 

. Drafts. 

. Poor thinner. 

. Lacquer sprayed when cold. 

. Damp spray rooms (generally concrete floors at ground 
level). 

6. Moisture in spray equipment. 


= 


Om Ww bo 





REMEDY 


A. A combination of factors tend to cause blushing and, likewise, a 
combination of factors may be used to remedy the difficulty. 

1. Close windows, and add retarder to thinner or use a better 
one. 

2. Bring the lacquer to room temperature. 

3. Blushing caused by condensation of water and subsequent 
evaporation from cold spray rooms can be avoided by warm- 
ing up the room. 





24. Gum Blush or Haze of Lacquers 
CAUSE 


A. Incorrect thinner (not necessarily a cheap one). 


REMEDY 


A. Use the correct thinner as recommended by manufacturer of 
the lacquers. NOTE: Both blushing and gum blush can almost 
always be removed on finished articles by spraying a thin coat ‘of 
No. 10 or reflow thinner over the affected parts. 





25. White Spots 


CAUSE 


A. Water mixing with the lacquer either through the separator or 
by not having the surface dry. 


REMEDY 


A. Clean air line and separator. Be sure surface to be finished is 


dry. 





26. Brown Spots 





CAUSE REMEDY 
A. Oil coming through separator. A. Cleanliness. 
27. Pin Holes or Bubbling 

CAUSE REMEDY 


A. Drafts which cause surface drying and force the solvent to 
break through that surface film in order to evaporate. 


B. Fine drops of moisture coming through separator in spray 
apparatus. 


C. In the case of woodfinishing, either the solid wood or the veneer 
may be improperly kiln dried. 


D. Thinner evaporates too fast. 
E. Porous surfacer or fillers. 


F. Incomplete drying of filler. Strong solvent in finishing coat 
tends to react with undried filler. 


G. Spots of grease on surface. 


H. Material applied while frothy, following violent agitation. 


- 


Avoid drafts. 
B. Clean spraying equipment. 
C. Only solution is to cure wood properly. 


D. Use slower thinner. 
E. Use tighter surfaces or else seal it before applying finishing coat. 


F. Use a faster drying filler or allow greater drying time or arrange 
to dry at elevated temperatures. 


G. Clean surface carefully. 


H. Allow froth to subside before applying. 





28. Wrinkling of A Smooth Enamel—Gas Checking 
CAUSE 

A. Too heavy a coat. 

B. Addition of too much drier . 

C. Some materials may not satisfactorily be applied in the sun. 


D. Foul ovens cause some materials to gas check. 


REMEDY 
A. Apply light coat. 
B. Use less drier. 
C, Apply in shade. 


D. Improve ventilation of oven and adjust the gas and air mixture. 





29. Bleeding 
. CAUSE 


A. Organic red pigments or various dyes used in stain or under- 
coats have not been sealed properly. 


REMEDY 


A. Best remedy is to avoid use of bleeding colors. Where bleeding 
colors have been used, a shellac type sealer usually tends to seal 
the bleeding better than varnish or lacquer type sealers. 
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OWNERSHIP OF PATENTS 


HO owns a patent? That is a 

critical question that results in 

more controversy, misunder- 
standing and bad feeling in a company 
than any other single question dealing 
with patents. 

The rules of law involving the owner- 
ship of patents have been frequently con- 
strued by the Court. These legal guide- 
posts are fairly plain to the initiated, but 
very confusing to those who do not know 
the underlying philosophy upon which 
these decisions are based. Most of these 
decisions of controversies over patent 
ownership have been carefully thought 
out and are based upon the long-term 
experiences of the public with the ques- 
tion of the ownership of patents. Most 
of the decisions, strange to say, are in 
the end fair, although they may do indi- 
vidual injustices in the application of the 
rules, as happens with all legal settle- 
ments of disputes. 

Some idea of the complication of the 
questions arising can be gained from 
considering what the various aspects of 
the question are. If an inventor is em- 
ployed by a company, but is not in a 
position where he is required to invent, 
is there any different rule applying to 
him than to a man who is hired to invent? 
Is there any different rule if the man is 
an executive rather than just a salaried 
employee? Suppose the idea is developed 
on company time, but the experimental 
work and the reduction to practice of a 
successful model, or the testing, is done 
at the inventor’s expense. Who owns the 
invention under such circumstances? 

The fundamental conditions of em- 
ployment, which must be considered in 
applying the legal rules are: 

1. Was the inventor employed to in- 
vent? 

2. Did the employee have a contract to 
assign his inventions? 

3. Is the inventor an executive of the 
corporation claiming the invention? 

4. What is the position of the employee 
without a contract to assign inventions in 
line of manufacture of the company, 
who does all the work on the invention 
on his own time and at his own expense? 

9. What is the situation where the em- 
ployee has a contract to assign his inven- 
tion, but invention is outside the com- 
pany’s line of manufacture? 

6. What is the situation with an execu- 
tive with no contract to assign inventions 
and the invention is outside of the com- 
pany’s line of manufacture? 

Some of the fundamental kinds of own- 
ership that arise in connection with this 
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Toulmin & Toulmin 


matter which must be taken into con- 
sideration other than the nature of the 
employment are these: 


. Outright ownership by employer. 

. Non-exclusive license to employer. 
Shop right to employer. 

. No ownership in employer. 

e. Exclusive ownership in 
ployer. 

One of the critical questions to be 
considered is whether the inventor was 
doing the work upon the company’s 
time or upon his own time, and whether 
he did the experimental work and the 
final building of the completed apparatus 
at his own expense or at the company’s 
expense in the company’s plant. Right 
here it would be wise to define what 
is known as a “shop right.” This is the 
right of a company to continue the manu- 
facture, use and sale of an invention 
in the particular shop in which the em- 


ao oe 


the em- 








A fair and square contract, written up 
when the inventor is hired, is the best 
way to forestall ownership arguments 


ployee was located when he made the 
invention. Such a right is personal to 
that particular shop and 
when the shop is moved. 
In Heywood-Wakefield Company v. 
Small, 87 F. (2d) 716, Small was em- 
ployed as a draftsman and later was 
promoted to the position of checker for 
the employer company which manufac- 
tured car seats for trolley cars and rail- 
road coaches. The terms of his employ- 
ment contained no reference to inven- 
tions. “. . . The plaintiff knew that the 
car seat base then manufactured by the 
defendant was unsatisfactory. The plain- 
tiff’s invention, however, was suggested 
to him by the mechanism of an electric 
toaster at his home. He 


disappears 


worked on 


his idea at his home out of working 
hours and finally evolved what he con- 
fidently believed to be a satisfactory 
reversible car seat base. He made a 
blueprint and a cardboard model of his 
invention which he brought in and showed 
to Mr. Eickel, the head man in the check- 
ing department. . . . The next morning the 
plaintiff brought in what is termed a 
‘cigar box model,’ which the plaintiff 
had made at his home from thin board. 

“Defendant’s engineer advised him to 
put it in as a suggestion, to which the 
plaintiff replied that he did not consider 
it a suggestion and that he was not going 
to put it in until he knew what he was 
going to get for it. 

“When, however, the officials of the 
defendant company had satisfied them- 
selves that his invention was practical and 
solved their problem, they made every 
effort to secure an assignment of his pat- 
ent, and, failing in that, sought to claim 
an absolute ‘shop right’.” 

The Court found that “. . . The record 
does not sustain the defendant’s conten- 
tion that it was entitled to a ‘shop right,’ 
as a matter of law. . . . It follows that the 
defendant was not entitled to an assign- 
ment of the patent.” 

Then, too, one of the important factors 
is whether the invention is within the 
line of the company’s manufacture, or 
whether it is an invention outside of that 
line. Often times, this is a critical ques- 
tion and the controversy arises because 
the company wants to go into new lines, 
although it had not been manufacturing 
that particular subject matter at the time 
the invention was made by its employee. 

Generally speaking. the law resolves all 
doubts in favor of the inventor on the 
theory that it is harder for the indi- 
vidual employee to take care of his in- 
terests than for the corporation that 
can afford to secure proper legal advice 
and enforce the contracts at the time of 
employment or later relative to inventions 
if it desires to do so. The general theory 
is that if the corporation is not diligent 
in having proper contracts with its em- 
ployees, that is its fault and the doubts 
will be resolved against it in the case 
of a controversy between it and _ its 
employees over inventions. 

In this connection, the opposite rule 
applies where the employee is an execu- 
tive. The Courts then say that the execu- 
tive is one who is in a position of trust 
and cpnfidence and all doubts should be 
resolved against him because he really is 
in a position superior to that of the cor- 
poration as one of the managers of the 








corporation. He is in a position of trust 
and confidence for and on behalf of the 
stockholders: and, therefore, every pos- 
sible doubt should be resolved against 
him as to the ownership of inventions. 

It is generally presumed that if one 
who is in an executive position, even 
though he has no contract to assign in- 
ventions, should make an invention that 
that invention, if within the line of the 
company’s production, belongs to the 
company. It is assumed that the executive 
got his ideas from the company employees 
and from the company business; and not 
being in the business of inventing, if he 
is fortunate in making such an invention, 
it really belongs to the company. 

The accompanying chart shows how 
complicated the ownership of patents 
may be. As further illustrative of these 
legal conditions, take a few typical cases. 

In Standards Parts Company v. Peck, 
264 U.S. 52, Peck agreed by the terms 
of a written contract to make certain 
developments in connection with the 
“front spring now used on the product 
of the Ford Motor Company.” The Su- 
preme Court stated: “By the contract 
Peck engaged to ‘devote his time to the 
development of a process and machinery’ 
and was to receive therefor a_ stated 
compensation. Whose property was the 
‘process and machinery’ to be when de- 
veloped? The answer would seem to be 
inevitable and resistless—of him who 
engaged the services and paid for them. 
they being his inducement and compensa- 
tion, they being not for temporary use but 
perpetual use, a provision for a business. 
a facility in it and an asset of it, there- 
fore, contributing to it whether retained 
or sold. .. .” (pp. 59-60.) 

In Lambert Tire & Rubber Co. v. Bru- 
baker Tire Co., 5 F (2d) 414, the Court 
said that the equitable title to an inven- 
tion conceived by an employee on his 
own time, and at his own expense. be- 
longs to him. “. . . In relation to patent 
1,414,252, no evidence was offered tending 
to prove that plaintiff paid Brubaker for 
the time employed by him in developing 
and perfecting the tire of this patent, 
or that it paid any part whatever of the 
expenses incident to its development. On 
the contrary, it appears from the uncon- 
tradicted evidence that Brubaker paid 
for the molds and rings and took them 
to plaintiffs factory and paid plaintiff 
for the manufacture of the experimental 
tires. These facts are wholly inconsistent 
with the claim of plaintiff that Brubaker 
was developing this tire for its use and 
benefit and at its expense. It is also clear 
that the Draper design and Lambert 
1,386,513 are wholly unlike the tire of 
the Brubaker patent. In view of the then 
state of the art, it is not probable that 
either of these furnished a basis or sug- 
gestion for this invention. 

“. . In the opinion of this court the 
evidence in this case wholly fails to 
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establish that drawings of the Lambert 
patent, No. 1,386,513, or the Draper 
design, furnished to Brubaker the basic 
idea upon which and by which he was 
enabled to develop the tire of patent 
1,414,252, or that there was any contract, 
either express or implied, between the 
plaintiff and Brubaker that would entitle 
plaintiff to the property in the Brubaker 
invention.” (P. 416.) 

In Guth v. Minnesota Mining & Mfg. 
Co., 72 F. (2d) 385, a research engineer 
executed a contract obligating himself to 
assign “(a) all my rights to inventions 
which I have made or conceived, or may 
at any time hereafter make or conceive, 
either solely or jointly with others, relat- 
ing to abrasives, adhesives or related 
materials, or to any business in which said 
company during the period of my em- 
ployment by said company or by its 
predecessor or successor in business, is or 
may be concerned... .” 

It was his duty to solve problems pre- 
sented by the tearing of paper tape when 
being unwound from a roll and to re- 
duce the cost of the manufacture of 
this tape. In the course of his employ- 
ment he was sent to Wisconsin to study 
methods of can drying which differed 
from the regular “procedure of tungsten 
drying of adhesive creping” on which he 
was regularly engaged. Following his 
trip, experiments were continued on can 
drying by the employer and a new prod- 
uct resulted. After Guth left his posi- 
tion, his former employer asked him to 
execute an application covering said new 





refused 
claiming he was not the inventor of it. 


product, which Guth to do, 
His contract was brought before 
court for interpretation and the Court 
said: “(2) Upon the facts peculiar to 
this case we are convinced that those pro- 
visions of the contract which were limit- 
less in extent of time and in subject mat- 
ter of invention were contrary to public 
policy. Guth was a chemical engineer. He 
was more or less successful in research 
work, as is shown by the fact basis of 
this litigation. He was a research man 
prepared to devote his life to discoveries 
of value to industry. Under this contract 
he was, however, if he worked in another 
laboratory or for another manufacturer, 
required to assign his discoveries to ap- 
pellee. This would effectively close the 
doors of employment to him. Until the 
end of the chapter he was compelled 
either to work for appellee or turn over 
the children of his inventive genius to it. 
Such a contract conflicts with the public 
policy of the land, which is one that en- 
courages invention and discourages the 
exclusion of an employee from engaging 
in the gainful occupation for which he 
is particularly fitted for all time, any- 
where in the United States. 

“Our conclusion is that, upon the show- 
ing made, appellant is not required to 
sign applications for United States Pat- 
ents on either of the two subject matters 
referred to in the evidence and plead- 
ings.” 

In Toledo Machine & Tool Co. v. Byer- 
lein, 9 F. (2d) 279, Byerlein entered an 
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euiployment contract for a stated term, at 
a stated salary, to act as employer's 
chief engineer and “to assign any ideas, 
patents or patentable features that he 
may develop or invent pertaining to their 
line of product” to the employer during 
the life of the contract. The written con- 
tract expired and Byerlein continued his 
services under an oral agreement which 
was the same as his previous contract, 
except as to duration of employment and 
increased salary. He then conceived and 
developed an invention in line with his 
work and applied for a patent therefor. 
Later, he took a position with a competi- 
tor and his former employer brought an 
action to compel him to assign to it the 
application for the invention he made 
while in its employ. 

“(2) We do not consider the claim 
made by Byerlein that he developed this 
patentable idea at nights as of the slight- 
est importance. His salary was paid either 
for the year or for the month. Certainly 
under the written contract it would make 
no difference what time in the day or 
night such ideas were developed, and in 
the opinion of this court the terms of the 
oral contract under which Byerlein con- 
tinued in the company’s employ are ex- 
actly the same, except as to the duration 
of the employment and the salary to be 
paid.” 

In Dowse v. Federal Rubber Co., et al.. 
254 F, 308, the main question before 
the District Court in Illinois was whether 
a patent, covering a method of reinforc- 
ing automobile tires, taken out by Dowse 


OF PATENTS 


while president, general manager and 
a large stockholder of the defendant 
company, belonged to the corporation or 
whether the corporation only had a shop 
right. In the course of arriving at its 
conclusion the Court said: “As president 
and general manager of this corporation 
Dowse had sole, full, exclusive and com- 
plete control of its operation and man- 
agement. . . Had the invention af- 
fected only a detail or unimportant 
part of the corporate business, it is prob- 
able that plaintiff would be regarded as 
its owner, both legal and equitable. . . . 
Here the patent involved the very life of 
the corporation. It was developed by the 
whole corporate force as something ab- 
solutely necessary, under the supervision 
of the president, who was straining every 
nerve to make good. It entered vitally 
into the very business life of the com- 
pany, and was finally issued while plain- 
tiff was still drawing his salary, although 
no longer in control. Under the cir- 
cumstances it would be grossly inequit- 
able for plaintiff to retain title. . . . In 
the ordinary case a shop right to the 
corporation will satisfy all equitable de- 
mands; but here the new company’s 
title to that right would be quite doubtful. 
... There should be a decree sustaining 
the patent, and that the Federal Rubber 
Company is the equitable owner, entitled 
to have an assignment with costs against 
plaintiff.” 

In Bowen v. B. F. Goodrich Company, 
36 F. (2d) 306, the Court said that in a 
company where a system of “suggestions 
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and awards” is in vogue, the title is in 
the employer to an invention “suggested” 
by an employee who received an award 
therefor, where the invention was de- 
veloped in the employer’s plant, with 
the employer’s materials and at the em- 
ployer’s expense. The Court said: “ (3-5) 
The courts have no right or power to 
set aside a contract that is fairly made 
because of inadequacy’ of consideration 
or improvidence of one of the parties; 
and there was a consideration for the 
contract—the awards. These awards may 
be assumed to be sufficiently inadequate, 
standing alone, to imply fraud, and yet 
they cannot be given that effect if appel- 
lant voluntarily entered into the agree- 
ment knowing what he was doing. He 
had the right, to be sure, to grant only 
a shop right. That existed, however, in- 
dependently of the execution of any 
papers. The fact that he executed papers 
indicates an intention to do more. He 
had the right to do this. to make a full 
assignment, according to the plant cus- 
tom, for the consideration of a certainty. 
the awards, rather than incur the ex- 
pense and take the chances of obtaining 
a patent and having it sustained. The trial 
judge thought from all the circumstances 
that that is what he did, and in our opin- 
ion the preponderance of the evidence is 
not against that view.” 


Conclusion 

It is wise in the light of the foregoing 
to take some timely precautions with 
respect to the ownership of inventions. 
In the first place, no company should 
employ anyone without having in writ- 
ing a contract as to just what is going 
to become of the inventions that employ- 
ees may make. This contract should be 
reasonable and limited as to time and 
scope, as well as subject matter, but it 
should clearly define the right of both 
the employer and the employee. 

Of course, if the employment is of 
outsiders, such as research laboratories, 
development organizations, or special 
model makers. or machine shops for 
making particular equipment, then the 
general contract of purchase of this 
service should contain suitable provisions 
for the disposition of the ownership of 
any resulting patents which may result 
from the ideas and developments involved 
in the transaction. 

If there is no contract. then we have 
to resort to the complicated legal con- 
siderations as indicated in the chart. 
Here the rules of law come into play 
depending upon the facts in each case. 
These disputes usually require settle- 
ment as a result of Court action, which 
is both tedious, expensive and uncertain 
in its result. It is much easier to fore- 
stall these difficulties by providing for 
the disposition of the right to inven- 
tions at the time the employment is un- 
dertaken. This should be by contract. 











HYDRAULIC CIRCUITS 


©& 






--Position-4 J. C. COTNER 

Finish machine Logansport Machine, Incorporated 4 F 
Hydraulic F Cc 
distributor ( fe 


¢ 
s 






Position-/ 











_ Position -3 
sem/-Tinish 


Fig. 7—Used on automatic multiple spindle chucking machines, this o| 


arrangement permits individual pressure control to control valve 



































































load and _ \aig] machine on each operating cylinder. Operating pressure is controlled through in 
f Seettinn-2 reducing valves for varying chucking pressures for different work el 
trough machine positions. Accumulator pressure is applied to position 2, 3, and 4, to sv 
insure proper chucking conditions. Position 1 is supplied with oil to 
under pressure directly from the pump to operate chucking cylinder ra 
for unloading and loading. th 
A : 
4 Fig. 8—Cams driven at the desired speed by an electric motor- vn 
> oe & a ay ae Ti driven speed reducer tilt five mercury switches, causing three solenoid tie 
i pre yn valves to operate in proper sequence. Cycle of operation of this machine i 
i f A a? Re'tuci for molding powder into hard cakes: 1. Pressure to A, exhaust C, aa 
i! aig oor we block B and D, causing top ram to move down; 2. Pressure to A 
= |! pressure valves . eg ; as pr 
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MN Le ® powder between rams; 3. Block A, and C, exhaust B, pressure to D, ot] 
Drain both rams move up to unload position; 4. Exhaust A, pressure to C, ial 


and B, block D, lower ram moves down to loading position. Time cycle 
controller automatically shuts off, completing cycle. 
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Cam and Electrically Operated Valves 





Fig. 9—Four-way solenoid valves ( \ 
controlled by limit switches give the Pressure . os 
following automatic operating cycle switch Pr ays Gi 
of a press: Closing the starting we i! 
switch actuates solenoid valve caus- Solenoid | | 
ing die to move under press ram. At ae \ ll 
end of stroke the die strikes limit : = 7 
switch, causing other solenoid valve ae y/o — 

to operate and apply pressure to vag i Limit: |-448->. 
ram which comes down and remains “(— Exhaust" 
there until pressure builds up in line 

to a predetermined point. Pressure Line -- 
switch then acts to reverse solenoid 

valve, returning ram to original posi- 

tion. Time relay, normally closed, 

breaks current to solenoid so that 

valve is free to operate when the -” ; 
pressure switch energizes opposite Ga Wl, Fey, "WAR ene 
solenoid. Swing cam on ram trips an- 

other limit switch which reverses 
solenoid valve to return die to load- 
ing position. To pump 
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Fig. 10—An oscillating table for polish- 
ing operations is driven through links 
by two hydraulic cylinders with adjust- 
able stroke. Circular disk cams on stroke 
adjusting rods operate limit switch which 















HL 





i ‘Pressure 














—— controls solenoid valves. Speed control 
= lh if M valves used on lines from each end of 
NL — (0) cylinders are adjusted to give proper 
oscillatory motion. Cylinders start from 
back position and each advances accord- 

MIRROR POLISHING MACHINE ing to speed control valve adjustment. 


ING 


June, 1940 275 





| 
| 







Question and Commen 





Problem In Cabinet Styling 


N. V. SMITH, President 


Smith-Johnson Corporation 


In designing sheet metal cabinets for 
housing high pressure grease pumps 
there are certain definite basic ideas of 
mass, color and line that must not be 
violated if a pleasing exterior appear- 
ance is to be arrived at. There seems to 
be a lack of existing literature as to 
what constitutes good design work along 
these lines. 

Another problem is the use of color. 
Our equipment goes into stations which 
are painted in the oil company colors, 
hence its decorative scheme should be 
one that will fit in with any combination 
of colors. At the present time we are 
using black and white with stainless 
steel trim. 

Of course. it may be said that we 
should go out and hire an art designer 
who will wave his hands and tell us 
that this or that isn’t good art, but 
all of them that I have met don’t seem 
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able to discover why it is or isn’t good 
art. In our design work we know ana- 
lytically whether or not mechanical de- 
sign or the compromise resulting from 
the mechanical design is good or bad 
for very definite mathematical reasons. 
For the same reason it seems to me 
there should be definite reasons why one 
piece of cabinet work looks good and 
another looks bads. 

Here is a photograph of two of our 
units which illustrates the point I am 
trying to make. There is something 
wrong with the artistic design of these 
units, but just what it is | am unable to 
state. Both are finished in white baked 
enamel with stainless steel trim. 


| Editor’s Note—Two excellent books re- 
cently published give a very fine basis 
for evaluating design and product styl- 
ing. The one, “Industrial Design” by 
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The styling of these cabinets is wrong according to N. V. Smith, president of the 
company manufacturing these units. Can you tell him what’s wrong? 
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Harold Van Doren and published by 
McGraw-Hill Book Company, New York 
City was reviewed in the April issue of 
Propuct ENGINEERING, page 192. The 
other, “Design This Day” by Walter 
Dorwin Teague, published by Harcourt- 
Brace & Company, New York City, was 
reviewed in the May issue, page 239.| 


Rope Tension 
To the Editor: 


A cord wrapped 4 times around two 
parallel shafts supports a load of 10 
lb. Cord has a 90 deg. arc of contact at 
load support point; other arcs of con- 
fact are 180 deg. What is the tension in 
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each succeeding wrap and the force 
necessary at the slack end to balance 
the 10 lb. load? Assume a coefficient of 
friction of 0.20. The roll diameter is 
2 in., and center distance 3 in. 
—S. H. WELLAND 
W hitinsville, Mass. 


Errata in 
Bronze Article 


To the Editor: 


My attention has just been called to 
an error in my _ article “Aluminum 
Bronze” that appeared in the March 
issue. THe error is with respect to the 
chemical composition of alloy No. 7 in 
Table II. 

In the article as printed, this chemical 
composition is identical to that of alloy 
No. 5, whereas it should read as follows: 


Copper we eee -81.20-89.00% 
Aluminum ...... 10.00-11.00% 
__ SR eee 1.25-Maximum 
Impurities ....... 50-Maximum 


Fortunately, the correct aluminum val- 
ues are given in the discussion under 
the paragraph titled, “The Critical 
Range.” In other words, the written part 
of the article will contain the right mean- 
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ine. but if the tables are used for future 
reierence, somebody is going to try to 
specify alloy No. 7, with the chemical 
listed therein, and find that it is not 
available. —W. W. EpENs 

Ampco Metal, Inc. 


[Editor's Note: Our humblest apologies 
to Mr. Edens who is not in error on his 
original manuscript. The fault lies with 
us. in failing to detect a printer’s error 
in setting the above table. | 


Solution to 


C. W. H.’s Problem 
To the Editor: 


The strip centering device shown in 
Propuct ENGINEERING for April seems 
to go about the job in what appears to 
be a rather roundabout way. The simple 
requirements are these: two parallel 
lines shall converge at equal velocity. In 
the device shown, this was attempted 
by having a rotary motion of a handle 
move a slotted cam in a vertical direction 
through a gear and rack, said cam being 
arranged in such a way as to actuate two 
movable pieces arranged symmetrically 
about a horizontal line and sliding in 
grooves set at 10 deg. each from the 
horizontal. Offhand, a simple toggle 
would seem to answer the need at con- 
siderable less cost and with greater ac- 
curacy. However, the device shown can 
be made to operate correctly by chang- 
ing the angle of either one of the 45 deg. 
slots or either one of the 10 deg. slots. 

A chart such as shown in Fig. 1 will 
immediately disclose the reason why a 
change must be made in the device. The 
vertical line of unit length represents 
the motion of the vertical piece. The 
45 deg. line is the actuating slot; in 
this case, for both pieces. Now, if the 
two 10 deg. lines representing the guide 
slots are drawn as shown, the resultant 
vertical motion of the upper piece will 
be represented by A and the lower one 
by B. These two values are unequal and 
will not become equal until the two 


slots are made parallel. Of course, there 


would be no clamping action with such 
an arrangement. Working the opposite 
way and increasing the 10 deg. angle 
for both slots, A and B become more 
and more unequal until at 45 deg. one 
would be infinite. This represents the 
limiting condition as one of the slides is 
now parallel to the actuating slide and 
the vertical piece cannot move. The prob- 
lem then is to change one of the slots in 
such a way as to make A and B equal. 

Fig. 2 shows that by leaving the lower 
slot 45 deg. we can make A equal B 
by decreasing the angle of the upper 
slot from 45 deg. to 36 deg., 28 min. 
Leaving the upper slot 45 deg. we can 
make B equal A by increasing the angle 
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of the lower slot from 45 deg. to 57 deg., 
05 min. Similar computation will deter- 
mine the amount either one of the 10 
deg. slots will have to be changed if it 
is desired to leave the 45 deg. slots alone. 

The optimum position of the two slots 
insofar as the right angle drive is con- 
cerned occurs when the two driving slots 
are equi-distant from the 45 deg. line. 
Fig. 3 shows that this condition is ob- 
tained only when each slot is rotated 
from 45 deg. by an equal amount to one- 
half of the angle of the cross slide and 
in the same direction as the cross slide 
affected. 

Fig. 4 shows a linkage which will 
produce equal motion in two non-parallel 
slots. This should prove to be of special 
interest because in reality it represents 
a right angle motion; a device often 
needed but seldom used. Figures 5 and 
6, which are self explanatory, show two 
centering devices. —J. T. BENNETT 

Los Angeles, Cal. 


[Editor’s Note: In addition to the solu- 
tion published last month to C. W. H.’s 
problem in the April issue and the above 
answer, quite acceptable solutions were 


submitted by Edward H. Warner, Bell- 
more, N. Y.; Richard H. Kreuger, New- 
ark, N. J.; Nicholas Miller, Berwyn, 
Ill.; Giles M. Reed, Detroit, Mich.; 
George H. Thompson, College Station, 
Texas; Fritz Zurstadt, Evansville, Ind.; 
Victor F. Carlberg, Roselle, N. J., and 
Jerome Calcagnetti, Easton, Pa. These 
solutions are gratefully acknowledged 
and were necessarily omitted because of 
space limitations. | 


Angular Motion By 
Circular Rack 


To the Editor: 


Have any of your readers actually used, 
or know of the use, of the mechanical 
movement, illustrated in the accompany- 
ing sketch, which utilizes a circular slid- 
ing rack having two pinions coacting 
therewith? 

Driven pinion is rotated by a circular 
rack caused to slide in either direction 
along its shaft through the rotation of the 
drive pinion. Drive pinion and shaft can 
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also swing through the angular position 
indicated about the axis of the shaft on 
which the circular rack can rotate or 
slide. —WiiuiaM T. SavaceE, Jr. 

Brooklyn, N.Y. 


V-Belt Speed Reducer 
To the Editor: 


I have an idea that may be of great 
interest to a number of readers. A local 
plant has for the past few months been 
using this simple and effective means 
of speed reducing by the use of V-belts 
and pulleys in a differentially planetary 
arrangement as shown in the section 
sketch. It can readily be seen that most 
extreme ratios are quite simple to attain 
in this manner. 

The plant uses the motor as the mount 
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for reducer having the stationary pulley 
cut into the motor head. Reducers from 
a fraction of a horsepower to as large 
as needed are replacing the older and 
clumsier reduction layouts. Of course, 
the multiple V-pulley is used on the 
larger drives. They also use this ar- 
rangement for variable speed drives by 
merely changing the diameter of pulleys 
in the conventional manner. 
—Huveuw McAttuister, Jr. 
Covington, Va. 
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FIG.1 — Set-up for 
drawing a true arc 
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FIG. 2 — Point “E* moves 
along a true parabola 








Linkage Produces Curves 
To the Editor: 


Within its own limitations, the linkage 
illustrated will produce any curve that 
satisfies an equation of the second de- 
gree, including a true arc. In order to 
accomplish this, points A and B are 
placed at two points on the wanted curve, 
point C is placed on the intersection of 
the tangents from A and B and point D 
is placed anywhere between A and B 
on the wanted curve. Point FE will then 
trace a line which will be a true second 
degree curve satisfying the conditions 
imposed by the positioning of points A, 
B, C, and D. Of course, if point E is 
held stationary, point D will trace the 
identical curve. 

—J. T. BENNETT 
Los Angeles, Calif. 


Life of Rubber Springs 


To the Editor: 


On page 186 of the April number of 
Propuct ENGINEERING there is a state- 
ment that reads as follows: 


“The life of rubber springs worked in 
vibration, in contrast to metal springs, 
is shorter under low stress conditions 
than when the stress is high.” 

This statement does not designate the 
type of stress conditions to which you 
are referring, whether the stress is in 
tension, compression or shear. Further- 
more, the statement you make is in direct 
contradiction to our own experience in 
the use of rubber springs. —C. E. B. 


Erie, Pa. 


[Editor's Note: The above criticism is 
perfectly in order because the statement 
referred to is totally misleading. It 
should have read: 

“Whereas the life of metal springs de- 
creases rapidly with increased stress and 
vibration, the life of rubber springs 
worked in vibration is relatively longer 
under high stress conditions than under 
low stress conditions. This is explained 
by the fact that the high plasticity and 
homogeneous structure of rubber does 
not permit stress concentration.” 

This applies to every type of stress con- 
dition because the endurance curve for 
rubber is practically a horizontal line.| 





Can You Work This One? 


Solution to May problem— 


Hat and River 


In last month’s problem the hat of a 
man paddling upstream was blown off 
and carried downstream by the current. 
After continuing to paddle upstream for 
10 min., the man turned around and 
paddled after his hat. Since we are told 
to assume that he paddled at a uniform 
rate, his relative position to the hat was 
only changed by his paddling. and. if he 
paddled directly away from the hat (up- 
stream) for 10 min., then it would take 
him only 10 min. to paddle directly back 
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to the hat (downstream). Therefore, 
since the hat was carried one mile by the 
river current in the 20 min. interval be- 
fore it was recovered. the speed of the 
current was 3 m.p.h. 


This Month’s Problem— 


The Bookworm 


Lawyer Erasmus P. Zilch has an un- 
used set of law books consisting of twelve 
volumes. These books are neatly arranged 
in numerical order on a shelf in his office 
with Volume I at the left and Volume 
12 at the right. The overall thickness 


of each volume is 234 inches of which 4 
inch is due to the covers, which are 4% 
inch in thickness.’ A Sitodrepa panicea 
(bookworm to you) named Herman starts 
from the geometric center of the first page 
of Volume I and after eating for seven 
years, six months, four days, nine hours, 
three minutes, eight and four-fifths sec- 
onds, finds himself at the exact geometric 
center of the last page of Volume 12. 
How he got to the starting point is Her- 
man’s problem so let him worry about 
that. Your problem is to compute, i 
inches, the total distance he traveled. 
P. S. Herman being a good little fellow 
went straight. 
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ews and Summaries 


Machine Tool Electrification 


Discussed by Designers at Forum 


Emphasis is laid on styling, compactness, and special motors and 
controls as machine tool makers meet with Westinghouse engineers 


REPRESENTING ABOUT 75 of the nation’s 
leading machine tool manufacturers, more 
than 100 design engineers met to dis- 
cuss mutual electrical problems at the 
fifth annual Machine Tool Electrification 
Forum sponsored by Westinghouse Elec- 
tric & Manufacturing Co. at East Pitts- 
burgh, May 6-8. Technical papers, pre- 
sented from the viewpoints of both the 
electrical and machine tool industries, 
emphasized styling, compactness and 
special designs in electrical equipment. 

Speaking for the electrical industry, 
C. B. Stainback, manager of Westing- 
house Industrial Sales Department, in 
his paper “Responsibilities of the Elec- 
trical Manufacturer to the Machine Tool 
Industry,” stated that “while the elec- 
trical industry has not been able to im- 
prove appearance as fast as it would like 
to do so, it is steadily working towards 
equipment which will blend more closely 
with the finish and design of modern 
machines.” Again, said Mr. Stainback 
the industry is conscious of the size and 
space requirements for electrical appara- 
tus, and is exerting every effort to reduce 





Projection unit at the proving ground utilizes somewhat 
the same technique as used to compare bullets in criminology. 
The test film is projected upon a turntable, movable in all 
directions, the displacements of which are calibrated in degrees, 
minutes and seconds. On the turntable is a disk ruled off into 
perfect 2-in. checkerboard squares. When the superimposition 
of the film image is perfect, the relationship of disk to camera 
is the same as was that of the camera and test car to the road. 
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the size of electrical equipment. He also 
asked the cooperation of the machine 
tool designers “in giving more considera- 
tion to the mounting of the electrical 
equipment in the initial stages of machine 
tool design, or in other words, leave 
room for the motor.” 

In presenting his paper, “Electrical 
Equipment for a Special Purpose Grind- 
ing Machine,” R. S. Elberty, Landis Tool 
Company electrical engineer, expressed 
the opinion that machine tool designers 
should do more pioneering in the adop- 
tion of special motors and_ controls. 
Standard equipment in most cases is not 
best suited to the requirements, and 
handicaps the designer from the start. 

Other papers presented included, “Ad- 
justable Speed Drives, Operating from 
A.C. Supply,” by W. I. Bendz, Westing- 
house district engineer of Boston. “Can 
You Use a Gearmotor,” was the subject 
of a discussion by S. B. Brittain of the 
Gearing Division, followed with a talk by 
Mr. J. C. Wilson, engineer of the Thomp- 
son Grinder Company, on “The Combin- 
ation of Electrical and Hydraulic Opera- 


tion on Automatic Broach Grinding 
Equipment.” A brief was presented by 
W. M. Moody of the Meter Division on 
“Electric Tachometers.” A paper on 
“Streamlining in Electrical Equipment 
Design” was given by D. L. Hadley, con- 
sulting designer. 

The Synchro-Tie Transmission was de- 
scribed by Westinghouse’s C. W. Drake; 
and R. W. Owens, manager, Motor Di- 
vision, discussed “New Dimension 
Standards for Small Industrial Motors.” 

Talks by D. K. Frost, electrical engi- 
neer, Mattison Machine Works, and by 
A. H. Platt, electrical engineer, Bullard 
Company, covered “Applying Control 
Equipment to Machine Tools,” and the 
“Installation and Maintenance of the 
Electrically Equipped Machine Tool.” 
“Typical Wiring Arrangements for Basic 
Control Functions,” was discussed by 
O. G. Rutemiller, Westinghouse district 
engineer. 


Standards Bureau 
Prepares Math Tables 


Two OF A _ SERIES of ten_ publica- 
tions containing mathematical tables 
are now available from the National 
Bureau of Standards, Washington, D.C. 
“Tables of the First Ten Powers of the 
Integers from 1 to 100” may be pur- 


Pontiae’s test ear all set and ready to go for a record- 
ing of altitude, slip, wind drift, pitch and axle displacement. This 
neat bit of automotive engineering is the work of William H. 
Manning (in driver’s seat) chief assistant engineer of Pontiac 
and Thomas Carmichael (standing) General Motors physicist. 
Four dials, a length of piano wire, four small motors, a 35mm. 
movie camera and a section of proving ground tract painted in 
checkerboard effect proved the key to the mysteries of steering. 
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chased for 50 cents. Foreign orders 65 
cents per copy. The other edition, 
“Tables of the Exponent Function e*” is 
priced at $2.00 for domestic orders and 
$2.50 for foreign requests. 

In scientific or technical research, 
these tables should prove valuable for 
reference purposes. Copies will not be 
sent collect or on approval. 


Huge Plaque Cast 
In Stainless Steel 


RECENTLY UNVEILED on the facade of the 
Associated Press Building in New York 
City’s Rockefeller Center is a_ bright 
symbol of America’s free press. This 
symbol, a huge ten-ton plaque of stain- 
less steel is the largest metal bas relief 
ever cast in stainless and represents 
many months of work by Isamu Noguchi, 
Japanese-American artist who designed 
and modeled the plaque and the General 
Alloys Company, Boston, Mass., respon- 
sible for the casting. 

The full-scale plaster model which 
measured 17x22 ft. was first divided into 
nine sections. One of the chief technical 
problems of casting each of these sec- 
tions was that stainless steel must be 
poured at such a high temperature that 
it would destroy any ordinary sand mold. 
The problem was solved by pouring the 
metal in one second; the action being so 
fast that there was no time for the sand 
to be disturbed by the white-hot metal. 

The huge sections were then polished 
and finished. Using powerful high-speed 
grinders and other precision power tools, 
the edges were accurately trimmed and 
a ground finish given the surface. 


Photoelectric hole detector makes 
for quality production in this steel mill 
shearing line. As the steel strip passes 
through the cabinet at the right, bright 
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A.S.T.M. to Hold 
Annual Meeting 


A STRONG TECHNICAL PROGRAM of wide 
interest is expected to draw a large 
attendance at the 43rd annual meeting of 
the American Society of Testing Materials 
to be held at Chalfonte-Haddon Hall, At- 
lantic City, N. J., June 24-28. 

Important sessions will include the 
Symposium on Tools of Analytical Chem- 
istry, Symposium on the Significance of 
the Tension Test in Relation to Design, 
Symposium on Spectrochemical Analysis, 
and separate sessions devoted to radio- 
graphic testing, cement, concrete, petrol- 
eum products, non-ferrous metals and 
plastics. 

The Symposium on Significance of the 
Tension Test in Relation to Design is 
the first of a proposed series of technical 
discussion on the subject “Significance 
of Mechanical Properties of Metals.” A 
group of three papers to be presented by 
prominent authorities has the twofold 
object of attempting to classify the re- 





Meetings 


Society OF AUTOMOTIVE ENGINEERS— 
35th anniversary summer meeting. The 
Greenbrier, White Sulphur Springs, W. 
Va. J. A. C. Warner, secretary, 29 West 
39th St., New York City. 


AMERICAN SOCIETY FOR TESTING Ma- 
TERIALS — Annual meeting, Chalfonte- 
Haddon Hall, Atlantic City, N. J. June 
24-28. R. E. Hess, assistant secretary, 260 
South Broad St., Philadelphia, Pa. 





lights from above glare down. The slight- 
est hole lets the light through to actuate 
phototube below causing marking device 
to score the strip alongside the hole. 






lationships between fundamental cha» ac. 
teristics measured in such a test and. in 
addition, the relating of such character. 
istics to the design problem. 

This symposium will bring before the 
materials engineers the viewpoint of the 
design engineers and it is expected that 
it should result in the clarification of 
some of the many questions concerning 
the tension test in relation to design. 


Advantages Seen In 
Electrolytic Polishing 


ELECTROLYTICALLY POLISHED surfaces, 
new development of the Battelle Memo- 
rial Institute, will stay bright better than 
those polished by friction and has the 
added advantage of uniformity even 
around joints and filigree. 

This new method is practically the re- 
verse of electroplating. Instead of a thin 
film being deposited at the cathode in an 
electrolytic circuit, the desired surface 
on the article to be polished is the part 
of the anode uncovered by the current 
in driving off the outside molecules. 
Smoothness is obtained because the elec- 
trolyte offers more resistance to current 
flow in the low places than over the high 
ones and so the electrolysis removes more 
metal from the high points than from the 
valleys. In electrolytic polishing the elec- 
trolyte is strongly acid. The current is 
essentially the same as for chromium 
plating. 





Do You Know That— 


STEEL MEASURING TAPES graduated in 
ft., in., and fractions of an inch are now 
available with a chromium coating to 
provide corrosion and scratch resisting 
qualities. (12) 


A VACUUM CLEANER MANUFACTURER is 
now equipping his machines with Nylon 
brushes which are said to give longer 
life, can be more firmly set in the revolv- 
ing cylinder and stiffness can be con- 
trolled for more efficient cleaning. (13) 


TEMPERATURE CONTROL PILLS are now 
used in steel operations to indicate the 
heat of the metal in work. When the 
metal reaches the temperature indicated 
by the pellet, it melts. Pills are available 
in 50 deg. intervals. (14) 


A 


A NEW LOW-AMPERAGE welding ma 
chine is available which has been success 
fully applied to arc welding of thin stain 
less steel and other alloy sheet. First 
applied successfully to welding turbine 
blades, it is now being experimented 
with on aircraft engine exhaust stacks, 
floats and similar thin gage parts. (15) 
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ew Materials and Parts 


Gas Engine 


Heavy-duty, four cylinder, valve-in- 
head air-cooled engine operates on either 
gasoline or natural gas. Known as model 
D71 the crankshaft runs in three pre- 


cision type bearings, valve seats are 





inserts, cylinders 


chrome-molybdenum 
and crankcase are cast integrally. Cyl- 
inder bore is 234 in. with a 3-in. stroke, 
permitting a wide speed range without 
excessive piston speeds at the upper end 
of the range. Rating is 10 to 16 hp. Le 
Roi Co., Milwaukee, Wis. 


Spring Checkers 


A rapid and accurate method of test- 
ing compression springs is afforded by 
the PB3 spring checker, which can also 
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be used for testing load required to oper- 
ate valves, firing pin assembly and simi- 
lar units. The standard model handles 
springs up to 6 in. free height and 25%-in. 
diam., in 10-50-250 lb. capacity. It is 
provided with a 6-in. vertical height 
scale graduated to #2 in. for indication 
of compressed height. The dial indicator 
is adapted to the checking of springs 
with close height tolerances. Link Engi- 
neering & Mfg. Co., 1048 W. Baltimore 
Ave., Detroit, Mich. 


Polarized Relay 


Balanced type of polarized micro-re- 
lays for use in self-balancing bridge cir- 
cuits for positioning motor-operated 
devices from either manually or automat- 
ically positioned potentiometers. Move- 
ment of the tongue between the con- 
tacts is governed by four coils contained 
in the solenoid cylinder. An armature, 





suspended horizontally in the axial cen- 
ter of this cylinder because of an un- 
balanced condition in the bridge circuit, 
is moved by a magnetic pull at either 
end of the cylinder. This motion of the 
armature is transmitted to the tongue 
causing movement to one or the other 
of the contacts. Balanced solenoid action 
is said to permit rugged construction 
without affecting the sensitivity of the 
instrument. Barber-Coleman Co., Rock- 


ford, Ll. 















Transparent Finish 


Flexible high lustrous finishes on rub- 
ber, synthetics and fabrics can be ob- 
tained by means of “Hevealac.” It can 
be applied by brushing, dipping or spray- 
ing. The compound is a resin solution 
in alcohol, which dries rapidly, giving 


a clear, transparent film. Unaffected by 
water, oils and most hydrocarbons. 
Glyco Products Co., 148 Lafayette St., 
New York City. 


Pillow Block 


Designed for simplified mounting, this 
new double interlock pillow block rec- 
ommended for use where light loads are 
to be carried. This pillow block has a 





special duplex Timken roller bearing 
with long extended inner race-ring ex- 
tending completely through the housing 
providing a completely inclosed bearing. 
All normal radial, thrust and shock loads 
are carried by this pillow block, but load 
capacity and top speeds may be increased 
somewhat if bearings are mounted on 
shafts ground to full size. The pillow 
block is made in both expansion and non- 
expansion types. Dodge Mfg. Co., Mish- 
awaka, Ind. 


Corrosion Resistant Nozzles 


Non-clogging spray nozzles produce a 
hollow cone spray with uniform distribu- 
tion. For various industrial and chem- 
ical processes as well as air conditioning. 
Capacity ranges from 0.5 te 2.5 g.p.m. 
at 10 lb. per sq. in. pressure. 


Pipe con- 
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nection is 34-in. male. Nozzles are avail- 
able in brass, iron, lead, hard rubber, 
stainless steel and other materials. 
Spraying Systems Co., 4021 W. Lake St., 
Chicago. 


Photoelectric Controls 
Housed in compact battleship grey in- 


closure, these general purpose control 
for industrial applications in connection 





with regulating, counting, signaling and 
sorting operations. Designated the 60 
series, rugged telephone type relays are 
ordinarily provided, which permit a 
maximum non-inductive load of 3 amp. 
a.c. at operation speeds up to 10 per sec. 
A microswitch to carry 8 amp. or another 
contacting device handling 15 amp. at 
110 volts that fits the same housing, are 
available. United Cinephone Corp., Tor- 
rington, Conn. 


Resistor 


By mounting resistors with an alumi- 
num thru-bar, the heat generated by the 
resistor is distributed evenly along the 
entire length of the bar, substantially 
spreading the hot spot sometimes en- 
countered with tubular resistors in con- 





ventional mountings. Mounting studs 
riveted to the ends of the thru-bar fur- 
ther tend to conduct the heat to the 
mounting surface. Resistance wire is 
accurately space wound upon a Steatite 
core of eliptical cross section having a 
maximum thickness of 14 in. at its minor 
axis. The ends of the winding are brazed 
to terminals which may be any of numer- 
ous standard types, with the entire ele- 
ment embedded in fused vitreous enamel. 
Wattage ratings are 30, 40, 55, 65 and 
75 watts. Hardwick, Hindle, Inc., 
Newark, N. J. 
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Double Row 
Roller Bearings 


Self-contained double row angular 
contact type, in which concave rollers 
operate between convex races, the one- 
piece outer race having two ground race- 
ways. The concave roller design pro- 
vides self alignment within the bearing 
itself, and capacity for radial loads, 
thrust loads in either direction, or any 
combination of radial and thrust loads. 
Available in “DE” 200 series, sizes from 
3.1490 to 5.9045 in. bore; and “DE” 300 
series, sizes from 1,9680 to 5,1171 in. 
bore. Shafer Bearing Corp., 35 E. 
Wacker Drive, Chicago. 


Diesel Electric Unit 


Consists of a radiator cooled engine, 
generator and control panel, all assem- 
bled in compact form, ready to set in 
place and put to work. Chief change 





from conventional design is in the place- 
ment of the generator, which sets direct- 
ly underneath the engine and cuts floor 
space requirements almost in half. Power 
for generating is supplied by Lister 4- 
cycle diesel engine using Bosch fuel sys- 
tem. Cylinder walls are chromium im- 
pregnated. The new line of “Powr-Pak” 
diesel electric power plants range in size 
from 3,600 to 24,000 watts. Generators 
are available in any desired voltage or 
current. Lister-Blackstone Inc., 1706 S. 
68th St., Milwaukee, Wis. 


Aluminum Finish 


New industrial finish can be dipped, 
sprayed or flow coated; keeps its luster 
and will not powder. For finishing metal 
surfaces, is said to have been used suc- 








cessfully on office equipment, cabinets, 
machinery, instruments and metal veults, 
This ready mixed aluminum called No. 
1 “Chromelume” has a high finish; will 
air dry in 15 min.; 1 gal. covers approxi- 
mately 2,000 sq. ft. of surface. Tousey 
Varnish Co., 520 W. 25th St., Chicago, 


Plugging Switch 


A driven Alnico rotor produces a ro- 
tating magnetic field which induces eddy 
currents in the walls of an aluminum 








cup. The magnetic reaction produced 
by the eddy currents turns the cup 
through a limited rotation, and the con- 
tacts are operated by a Textolite rod 
which connects the cup and a movable 
contact strip. Centering springs tend 
to keep the contacts in a normal posi- 
tion but since the magnetic operating 
force on the aluminum cup is depend- 
ent on speed, contacts operate at and 
above a definite speed. As the speed 
decreases, a definite point will be reached 
where the spring force will overcome the 
magnetic force; this is the tripping 
point. The use of an Alnico magnet 
eliminates frictional parts or clutches 
and contributes to low maintenance costs 
and long operating life. General Elec 
tric Co., Schenectady, N. Y. 
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Trammel 5; 


Adjustments can be made by revolving 
knurled rolls with the thumbs. Elimina- 
tion ‘of clamp screws in adjustments 
makes possible a positive correct place: 
ment at all times and in addition permit: 
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a full view of the drawing, without ob- 
structions while adjusting the points. 
Steel points or pencil is attached by 
simply pressing down and inserting point. 
The tension of the spring will hold it 
securely in the special shaped holes. 
Trammel can be used for inside or out- 
side calipers by changing the points. 
Reinhold Paege, 14872 Ilene Ave., De- 
troit, Mich. 


Speed Reducers 


Right angle worm gear reducers can 
be assembled in 16 different mounting 
positions. Large radiating surfaces are 
provided for heat dissipation, and cool- 
ing fins are cast integral with the section 





of the housings inclosing the worms. 
Built in six sizes up to 10 hp. Single 
phase, squirrel cage, slip ring and d.c. 
motors are available for driving these 
motorized units. Janette Mfg. Co., Chi- 
cago. 


Flow Break Motor Switch 


Operate on the flow make and break 
principle to assure long and _trouble- 
free service. Switch is intended only 
for a.c. circuits which may be special or 
selective. Designed to be used on motor- 





ized equipment using up to 1 hp. motors, 
the switch can be installed easily either 
internally or externally, a new _ style 
finger fitting dial provides easy opera- 


tion. The Hart Mfg. Co., Hartford, 
Conn. 
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Thermostats 


Sentinel thermostats for 


roasters, 


water heaters, and similar built-in appli 
cations and Guardsman thermostat for 
Bi-metal of 


use in ironing machines. 





the Sentinel thermostat does not carry 
the current as it is designed to act as a 
switch when turned to a low position, 
thus assuring accurate performance of 
the heating unit. Units have an adjust- 
able range from 32 deg. to 450 deg. F. 
and a maximum rating of 15 amp. at 115 
and 10 amp. at 230 a.c. The Sentinel 
thermostat has no d.c. rating. The 
Guardsman thermostat with its slow 





make and break is a close controlling 
type of thermostat for general applica- 
tions, and is adjustable over a range of 
approximately 250 deg. F. with a max- 
imum a.c. rating of about 7.5 amp. at 


115 v. It has no d.c. rating. Westing- 
house Electric & Manufacturing Co., 


Mansfield, Ohio. 


Variable Speed 
Transmission 


Extensive revisions have been made in 
the design of this infinite variable speed 
transmission. The objectionable feature 
eliminated, 
quiet- 


of bevel gears has been 
reducing vibration and insuring 





ness. Practically all thrust in cross-shaft 
and bearings is said to have been elimi- 
nated. Speed indicator dial on top of 
machine allows the operator to select 
the speeds accurately. Precision ball 
bearings are used throughout. Oil is 
sealed within the case. Speed range is 
225 to 925 r.p.m. when driven by a 1,750 
r.p.m. motor. Lenney Machine & Mfg. 


Co., 735 Niles Rd., Warren, Ohio. 


Remote Control 
For Varidrive Motors 


New right angle mechanical remote 
control for Varidrive motors pro- 
vides an accurate, simple means of 








selecting the desired operating speed 
when motor is mounted beneath or above 
the driven machine or is otherwise in- 
accessible. Control shaft may be ex- 
tended at a 90 deg. angle in any one of 


eight different directions U. S. Elec- 
trical Motors, Inc., Dept. 112, 80-34th 


St., Brooklyn, N. Y. 


Electric Stop Watch 


Split second indicating counter, The 
“Time-It,” will total 10,000 sec. before 
repeating. A large legible indicating 
counter can be reset to zero from any 
readings or successive readings can be 





totalled. Operating on a 115-volt 60-cycle 
current it provides direct readings to 0.1 
sec. Counter is operated by a continuous- 
duty synchronous electric motor having 
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an automatic built-in brake. It is 4x 5x 
3% in. in size, and several units can be 
mounted on a single base with single 
cord and plug for line connection. Other 
voltages and cycles are available. Pre- 
cision Scientific Co., 1730 N. Springfield 
Ave., Chicago, Il. 


Perforating Dies 


\ feature of the Universal perforating 
dies is its adjustability to new require- 
ments, without additional die costs. When 
a change in a stamping is required, the 
perforating or notching units can be 
quickly reassembled for the new opera- 
tion. Adaptable to any type of press 
and to any thickness or flat sheets up 
to 4-in. Ideally suited for stampings 
produced on a limited production basis 
and where frequent or occasional die 
changes are required. S. B. Whistler 
& Sons, Inc., 750 Military Rd., Buffalo, 
© @ 


Automatic Print Machine 


Employing a specially designed quartz 
envelope high pressure mercury vapor 
lamp guaranteed for 1,000 hrs., this new 
model “A” automatic high speed white- 
print machine has a printing speed rang- 
ing up to 20 linear ft. per min. An in- 
genious device automatically separates 
the print from the original after expo- 
sure. The original is returned to the 
operator in front of the machine, while 


the exposed print is conveyed to the de- 
veloping unit, where, after dry develop- 
ment, it is discharged at the rear of the 
machine ready for immediate use. Ma- 
chine is available in two sizes up to and 
including 42 and 52 in. Ozalid Corp., 
Johnson City, N. Y. 
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Starter and Motor 
Disconnect Switch 


Front operation allows close ganging 
of a number of units in compact width 
and height multiples. The contactor 
type disconnect switch incorporates 
“Dust Safe” vertical contacts which are 
interchangeable with the Across-the- 
Line Starter contacts. Overload protec- 





tion is provided by the C-H Eutectic 
Alloy Thermal Overload Relay which 
permits motor operation up to the max- 
imum limit. Overload heater coils and 
operating coils are readily interchange- 
able. The switch is designed for use 
with squirrel cage and single phase mo- 
tors. Cutler-Hammer, Inc., Milwaukee, 


Wis. 


Dynamometer 


Inductor-type dynamometer for engine 
testing has a main field rheostat control 
and a vernier rheostat for control of 
torque and speed. Features are ease of 
operation, and low maintenance because 
of simplified construction and compact 
design. This new type, less than half 
as large as the d.c. machine, is rated 600 
hp. as compared with a 300 hp. rating 
for the d.c. dynamometer. General Elec- 
tric Co., Schenectady, N. Y. 


Shaded Pole Motors 


Intended primarily for fan duty with 
cooling air over the motor, all ratings 
are available in the same body diameter, 








and are designed for either ball or sleeve 
bearings. Frame modifications include 
open or inclosed construction, round 
body, flat base or resilient mounting. A 
terminal box is integral with the base 
in the latter type. Motors are available 
at both 2- and 4-pole speeds, for 60 and 
50 cycles, and for 2-pole speeds for 25 
cycles, the line ranges from 1/300 to 
1/20 hp. and is available in both normal 
and high torque design. Robbins & 
Myers, Inc., Springfield, Ohio. 


Multipie Range Ammeter 


This instrument provides readings in 
any of five different ranges from frac- 
tion of an ampere up to 25 amp. Known 
as “Micro-Tester”, model 280, this small 
ammeter has a built-in transformer and 
is housed in a red Bakelite molded case, 
with satin-finish steel front panel. Com- 
panion testing instruments, all the same 
size can be combined in sets of three to 
measure current, voltage and resistance 
for almost every requirement. 
Electric Co., Chicago. 


Simpson 


Swivel Pipe Couplings 


Provides a sealed joint, capable of 
swiveling through the 360 deg. to carry 
refrigerator pipe line coils, under either 
pressure or vacuum. This provides for 
moving in cleaning without loss of re. 
frigerant. Although designed primarily 
for the refrigeration industry, they may 
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serve as free swinging joints for highly 
inflammable fuel. Two joints connected 
to each other by an elbow, provide a full 
universal joint, capable of withstanding 
high pressures and available in various 
pipe sizes. Syntron Co., 240 Lexington 
Ave.. Homer City, Pa. 


Outside Valve Tire 


Outside valve feature is claimed to 
eliminate valve damage caused _ by 
“creeping” from running tire under-in- 
flated. These new tires are designed 
with the valve entirely outside the rim, 
and not contacting the rim at any point. 





The valve stem is of short, flexible rub- 
ber construction and located on the tire 
s» that it is free from rubbing or scrap- 
ing damage. Punctures are repaired 
without removing tire from wheel. Built 
in three sizes, 10x2.75 in.; 12x3.30 in., 
and 16x4.40 in. Musselman Products 


Co., 6308 St. Clair Ave., Cleveland, 
Ohio. 


Duplex Flush 
Receptacle 
Improved pressure contacts that can- 


not be destroyed by constant usage or 
by spring prong plugs. Makes a_per- 





manent contact and still permits easy re- 
moval of all types of plugs. Installation 
is facilitated by wide ears. Solid bake- 
lite back is made to withstand heavy 
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pressure. This type, No. 733, is shallow 
in construction which means additional 
room for surplus wire and joints. Easy 
finding slots and modern design. Eagle 
Electric Mfg. Co., 59 Hall St., Brooklyn. 
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Lubrication Fittings 


To prevent over-lubrication of ball and 
roller bearings, fittings and bushings for 
industrial machinery are so constructed 
that when a predetermined amount of 
back pressure is developed in the bear- 
ing, excess lubricant appears at the vent, 
a signal to the operator to stop. The 
“Lubriguard” is installed directly into 
the bearing with a hydraulic type pres- 
sure gun applied to the fitting, the lubri- 
cant is forced through the fitting inlet 
and thence into the anti-friction bear- 
ing. Alemite Division, Stewart-Warner 
Corp., Chicago. 


Oil Immersion Heater 


Flange head oil immersion heater has 
tubes of steel, silver soldered into a cast 
iron head. Designed particularly for 
use in high pressure systems. Units are 
made both for circulating and non-circu- 
lating systems. Non-circulating heaters 
have a rating from 1 to 3 kw. for 115 or 
230 volts with two heater tubes ranging 
in length from 14% to 37% in. The 
circulating heaters have either 2 or 4 
heater tubes from 33% to 37% in. long 
with a rating of from 5 to 8 kw. for 230 
volts. Westinghouse Electric & Mfg. 
Co.. Mansfield, Ohio. 


Prefocused Lamp 
Receptacle 
Holds lamp in accurate position, re- 


gardless of vibration, shock and other 
disturbing influences. This new receptacle 





is of high-heat resisting molded asbestos 
body, has a positive “stop” and low con- 
tact resistance and will replace ordinary 
receptacles now in use without any 
changes in mounting holes. It is rated at 
1,000 watts, 125 to 250 volts. Interior of 
molded body is channeled on two sides to 
provide for ventilation. It is used in home 
and commercial movie projectors, flood- 
lights, searchlights, airplane landing 
lights, ete. American Phenolic Corp., Chi- 
cago, Ill. 


Diesel Power Units 


In addition to a 100 hp. diesel power 
unit announced recently, International 
has added the UD-6 which develops 39 
hp. at 1500 r.p.m.; the UD-9 which de- 








velops 53 hp. at 1500 r.p.m.; and the 
UD-14 which develops 661% hp. at 1300 
r.p.m. Each are started on gasoline and 
shift to full diesel operation. Engines 
are 4-cycle, valve-in-head design, have 
full pressure lubrication through drilled 
passages, oil pump with Floto screen, 


Tocco-hardened crank shafts, by-pass 
thermostatically controlled cooling, full 
floating piston pins, variable speed gov- 
ernor, and are equipped with combina- 
tions to meet a wide variety of require- 
ments. International Harvester Co., 180 
N. Michigan Ave., Chicago, Il. 
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‘Manufacturers’ Publications 





Materials 


Iron—Joseph T. Ryerson & Son, Inc., Chi- 
cago, Ill. Four-page bulletin, 84x11 in. 
Describes Lewis stay bolt iron, solid stay 
bolts, the different types of engine bolt iron 
and Lewis U. S. Navy chain iron. Applica- 
tions, physical properties, sizes and shapes 
available, and other pertinent data is fully 
explained. 


Die StEELS—Jessop Steel Co., Washington, 
Pa. Booklet, 11 pages, 5x 714 in. Complete 
information on die steel, a high carbon, 
high chrome steel. Data on forging, anneal- 
ing, hardening, tempering and applications. 


Cuemicats—Glyco Products Co., Inc., 148 
Lafayette St., New York City. 96-page cat- 
alog describes glycol and glycéryl esters, 
emulsifying agents, special emulsions, syn- 
thetic waxes, synthetic resins and a number 
of specialties. A section of the catalog is 
devoted to suggested formulas and other in- 
formation for the manufacture of numerous 
types of products. An industry index 
quickly gives you information felating to 
the field you are interested in. 


Mechanical Parts 


Power TRANSMISSION EQuIPMENT—Boston 
Gear Works, Inc., North Quincy, Mass. 
Catalog 53, 1940. 287 pages 334 x 6 in. Com- 
plete information including all specifications 
and list prices on chain and sprockets, gears, 
belts, bushings, couplings, speed reducers, 
pulleys, pillow blocks, washers and casters. 


Fiexiste Metat Tustnc—American Brass 
Co., American Metal Hose Branch, Water- 
bury, Conn. 24-page catalog, 84x11 in. A 
new technique is employed in making the 
contents of this catalog of utmost value to 
the user. Contents are arranged according 
to major services for which seamless flexible 
tubing is generally used. Index serves as a 
quick reference guide. 


Compression Sprincs—Hardware Prod- 
ucts Co., 103 Richmond St., Boston, Mass. 
Single sheet, 8144 x 11 in. New listing of 234 
sizes of stock compression springs with com- 
plete mechanical data. Range in size from 
14 to 24 in. in length; 4 to 4 in. in diameter 
and in wire size from 0.16 to 0.500 in. 


Stop WatcH—Precision Scientific Com- 
pany, 1730 N. Springfield Ave., Chicago, Illi- 
nois. Bulletin describing new “Time-It,” an 
indicating electric stop .watch totalizing to 
10,000 sec. before repeating. 


Russer Beartncs—Lucian Q. Moffitt, Inc., 
Akron, Ohio. 62-page booklet, 83x11 in. 
Cutless water lubricated rubber bearings 
for marine applications are given complete 
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treatment in this booklet. The bearings, a 
product of B. F. Goodrich Co., are shown 
in use on many different types of vessels, 
with complete data on installations, opera- 
tion, lubrication and recommendations. 
Eight pages of tables on dimensions and 
weights. 


ControL, VaLtves—W. H. Nicholson & Co., 
Wilkes-Barre, Pa. Catalog No. 140. 13 
pages, 83xll in. Describes the Nicholson 
lever foot, solenoid and motor operated 3 
and 4-way valves for use in operating air, 
water, steam and oil, single and double 
acting cylinders. 


TuHrustTor-OperATED VALVES — General 
Electric Co., Schenectady, N. Y. Catalog 
No. GEA-1569B, 2-page 814 x11 sheet. De- 
scribing the characteristics and construction 
of Thrustor valves No. CR-9507-L. 


V-Be_ts—Allis-Chalmers Mfg. Co., Mil- 
waukee, Wis. Revised catalog section, No. 
151 of 34 pages gives new horsepower rat- 
ings for multiple V-belt drives based on the 
new formula developed by R. F. Vogt and 
recently adopted by the industry. Complete 
engineering information on belt selection. 


Matertats Hanpiinc—The Jeffrey Mfg. 
Co., Columbus, Ohio. Entitled “What We 
Make” a 3l-page booklet, page size 4x8 in., 
briefly illustrates a variety of materials han- 
dling equipment and parts. Shown are such 
products as chain, conveyors, crushers, vi- 
brating units, coal cutters, loaders, road 
graders, spreaders and rollers and related 
equipment. 


Power Units—The International Harves- 
ter Company, 180 N. Michigan Ave., Chi- 
cago, Illinois. Sixteen page illustrated bulle- 
tin A-50-22, 814 x11 in. Describes complete 
line of gasoline and diesel power units up 
to 110 horsepower. 


Electrical Parts 


Ducter Low ResIsTANCE OHMMETER— 
James G. Biddle Co., 1211 Arch St., Phila- 
delphia, Pa. Bulletin No. 1635, 8x 101% in. 
Describing the construction, characteristics 
and methods of application of the Ducter 
low-resistance ohmmeter. 


SwitcuH Enctosures—The Trumbull Elec- 
tric Mfg. Co., Plainville, Conn. Four-page 
circular, No. 315, 84x11 in. Describes 6 
different types of enclosures for safety 
switches, motor starters, circuit breakers and 
service equipment for special applications 
where dust or volatile fumes are prevalent. 


Strver Nicket Contacts—Gibson Elec- 
tric Co., Pittsburgh, Pa. Folder, 83x11 in. 
Applications, mechanical and _ electrical 


characteristics, description and drawings of 
the uses of silver nickel contacts are shown 
in this four-page folder. 


TERMINAL BLocks—Westinghouse Electric 
& Mfg. Co., East Pittsburgh, Pa. 2-page 
leaflet, 37-260 describes terminal blocks for 
use with enclosed switchgear, control, relay 
and instrument panels. Illustrations and price 
information are included. 


DyNAMOMETERS—General Electric (o., 
Schenectady, N. Y. 4-page bulletin, 84% x 11 
in. Constructional details, description and 
illustrations of inductor-type dynamometers 
are given in bulletin GEA-2924. 


Capacitors—Westinghouse’ Electric & 
Mfg. Co., East Pittsburgh, Pa. 10-page bulle- 
tin on type “FP” dust-tight capacitors for 
industrial use in hazardous locations. Hints 
on capacitor applications, description of con- 
struction features and complete dimensional 
data in the form of outline drawings. 


Finishes 


WrINKLE FinisH—New Wrinkle, Inc, 
Mutual Home Bldg., Dayton, Ohio. Eight- 
page folder, 84x11 in. Describing recent 
applications of wrinkle finish and containing 
a short article on spraying technique. 


ENAMEL CoLors—tThe Porcelain Enamel & 
Mfg. Co., Baltimore, Md. New book de- 
scribes the method of matching a large 
number of colors with a small color inven- 
tory. It includes tables showing factors which 
affect color and contains three full pages of 
color samples. Useful for color departments 
of manufacturers. 


Miscellaneous 


Sano Conpitiontinc — The American 
Foundry Equipment Co., 555 Byrkit St, 
Mishawaka, Ind. A_ non-technical discus- 
sion of sand conditioning by the Sandcutter 
method in a 16-page booklet which also 
contains descriptions and _ illustrations of 
four Sandcutters used in modern foundries. 


ELectropes—Wilson Welder and Metals 
Co., New York, N. Y. An illustrated 24 
page booklet (ADW-18), page size 83xll 
in., serves as a useful guide in helping to 
make quick, sure selections of proper elec- 
trodes for all classifications of welding 
work. Booklet reviews the general descrip- 
tion, application, procedure for use and 
physical properties of electrodes for numer- 
ous and varied welding purposes. 


TACHOMETERS—The Bristol Co., Water- 
bury, Conn. Bulletin No. 542, 84x11 in 
Describing types of tachometers and magne- 
tos for many purposes. 


ENGINEERING LITERATURE—The Timken 
Roller Bearing Co., Canton, Ohio. A list of 
available printed matter issued by the Steel 
and Tube Division of the company. The list 
covers 54 descriptions of separate bulletins 
dealing with characteristics, physical proper 
ties and applications of steels and steel tubes 
in industry. 
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Introduction to Electrical 
Machines 


A. W. Hirst—122 pages, 534x8%, in. 
Blue fabricoid covers. Published by 
Blackie and Son, Limited, London. Pro- 
curable through The Chemical Publish- 
ing Co., Inc., 148 Lafayette St., New 
York, N. Y. Price $2.25. 


Intended to serve as a textbook and 
also to meet the needs of practicing en- 
gineers, this volume covers magnetic 
materials, insulation and insulating mate- 
rials, the general construction of electro- 
magnetic machines and a general discus- 
sion of losses, temperature rise and 
ventilation. 

Subjects also discussed are the general 
method of making magnetic calculations, 
the estimation of leakage coefficient and 
leakage reactance, waves produced by 
polyphase windings, harmonic analysis. 


1939 A.S.T.M. Standards 


Part 1, Metats—1,308 pages, 6 x 8 in. 
Clothboard covers. Published by the 
American Society for Testing Materials, 
260 S. Broad St., Philadelphia, Pa. 
Price $8. 


Triennial publication of A.S.T.M. 
Standards including Tentative Standards. 
This volume, Part I, includes the respec- 
tive tentative specifications and tests as 
well as those adopted as standard re- 
lating to ferrous and non-ferrous metals, 
except methods of chemical analysis 
which are published in a separate vol- 
ume. Part I contains 300 specifications, 
tests, and definitions; of which 180 relate 
to ferrous metals, 105 are concerned with 
non-ferrous metals and alloys, and 15 
apply to both. 


Handbook of Arc Welding 
Design and Practice 


Sixth Epition—I,117 pages, 534 x 
834 in. Fabricoid cover. Published by 


Lincoln Electric Co., Cleveland, Ohio. 
Price $5. 


A complete treatise on arc-welding 
with a large amount of new information 
not included in the previous edition. The 
book, divided into eight sections, presents 
M convenient form essential reference 
data on all phases of arc welding. Sup- 


June, 1940 


plementing this data are 327 pages of 
pictures and text showing typical appli- 
cations of arc welding in all branches of 
industry. The eight parts of the book 
deal with welding methods and equip- 
ment; technique of welding; procedure, 
speeds and costs; weld methods and 
methods of testing; weldability of metals; 
welded steel construction and machine 
design; typical applications in manufac- 
turing, construction and maintenance; 
and designing of arc welded structures. 
The book is one which will enable design 
engineers to keep abreast of the fast- 
growing field of welding development. 


Elements of Ferrous Metallurgy 


JosepH L. ROosENHOLTz AND JosePu F. 
OESTERLE—Second edition, 258 pages, 
534 x9 in. 140 illustrations. Published 
in 1938 by John Wiley & Sons, Inc., 440 
Fourth Ave., New York, N.Y. Price $3. 


In this revision of the first edition, the 
authors have included as much new ma- 
terial as is consistent with their purpose 
to present an elementary treatment of the 
subject, unencumbered by minute detail. 
The order of several chapters has been 
changed as a means of securing better 
sequence. 

The book describes the blast furnace; 
Bessemer open-hearth, electric, cementa- 
tion and crucible processes; wrought 
iron; the iron-carbon system; mechanical 
and heat-treatment of steels; carbon and 
alloy steels; and foundry operations. 


A B C of Spray Painting Equipment 


Booklet, 32 pages, 5%x8 in. Published 
by the DeVilbiss Co., Toledo, Ohio. 


The material in this book is presented in 
question and answer form and covers prac- 
tically all items of spray painting equip- 
ment, describing and explaining their func- 
tions. Subjects treated include: the paint 
spray gun, its troubles, remedies and acces- 
sories; material containers; hose and hose 
connections; air transformers and condens- 
ers; and air compressing outfits. 


Research and Industry 
Booklet, 45 pages, 5% x 8%, in. Published 


by Ohio State University Research Founda- 
tion, Columbus, Ohio. 


Two of the principal addresses delivered 
at the Fourth Industrial Research Conference, 


November 3—4, 1939 at Ohio State University 
make up the main portion of this booklet. 
“The Administrator Looks At Research,” a 
paper presented by Henry P. Kendall, pres- 
ident, The Kendall Co., shows the importance 
of research in the development of the country 
and its people. The second paper, “Re- 
search in the Nation’s Business” was given 
by Harrison E. Howe, editor, Industrial and 
Engineering Chemistry, outlining the many 
new products directly traceable to research 
work, 


Hydraulic and Pneumatic Leather 
Packings 


Revised edition—1940. 157 pages, 6 x9 in. 
Flexible covers. Published by E. F. Houghton 
& Co., 230-48 W. Somerset St., Philadelphia, 
Pa. Price $1. Gratis on company letterhead. 


This new handbook represents a real con- 
tribution to the engineering field. Major 
portion of the book is devoted to design and 
service and offers an opportunity for the 
product engineer to put the information con- 
tained therein to practical application for 
efficient machine operation. Sixty-two pages 
alone are devoted to design and support with 
complete treatment of all subjects pertinent 
to hydraulic and pneumatic packings. There 
are six useful pages of reference data as well. 
Illustrations, which include photographs, 
drawings and tables appear on almost every 
page. 


Oil-Fired Forced-Air Furnace Systems 
In the Research Residence 


Engineering Bulletin No. 318, 90 pages, 
6x9 in. Published by the Engineering Ex- 
periment Station, University of Illinois, 


Urbana, Ill. 


A. P. Kratz and S. Konzo, authors of this 
bulletin have conducted an investigation dur- 
ing the heating seasons of 1934, 1935 and 
1936 of a forced-air system when fired by 
means of an oil burner. The investigation 
for the heating season of 1934-35 was under- 
taken to determine the performance and oper- 
ating characteristics of a warm-air furnace 
equipped with a conversion oil-burning unit. 
For the heating season of 1935-36 the con- 
version oil burning furnace was. replaced 
with a warm-air furnace designed specifically 
for oil combustion, and the performance 
and characteristics were compared under 
identical conditions of operation with those 
of the conversion unit. 


75th Anniversary Bulletin 


EpireEp BY JAmes K. Fincu—Record of 
Engineering anniversary program. 103 pages, 
634x934 in. Paper covers. Published by 
Columbia University Press, New York City. 


Celebration of the 75th anniversary of the 
establishment of engineering education at 
Columbia University was marked by a series 
of events beginning with a reunion and lec- 
tures in July, 1939, and ending with a Con- 
vocation and dinner on November 27. This 
volume constitutes a record of those events 
with an unusually fine series of lectures 
on “Strategic Minerals”. 


287 





























PRODUCT ENGINEERING + 


REFERENCE BOOK SHEET 














Control of D.C. and A.C. Motors 


--- Starting resistance 


Spring loaded 
starter arm ~___ 































































































A 
Holding 
co// 
oo 
A B & D 
+ 1 
| | | 
| | | 
‘ 2 -_ 
: 
Starting | | 
Se ----|--——————————— 
eed 
as | el 
-—— Sf HH os 
Auxiliary 
contact 5 A 
a ---}---4 }——-f - 
, re Drum 
oo 
we 6 ae, see ea cantactor 
a 
Magnetic a?) ---- Shunt field 
contactor Armature --~ @) 
Solenoid 
re a Starting 
coca’ ae resistance 
— ™ Armature 
ontac “i 
+ ei in 
“)  arm-----€ 
Fixed 
a en ~ 
Solenoid ---” an pivot Shunt field - 





/ -~ Dashpor 3) 


Magnetic contactor A 





- 


AAAAAAAAA 
premreve 
\ 








4 





Sw 


PP 
hep rie 
_---Resistance A 




















~ 
~ 


“Resistance B 














~ 


Armature 


Magnetic 
contactor B 


@) 








- 


288 


Starting D.C. Motors 


1. Manual starter for shunt motor. When the starting arm has 
cut out all resistance, it is held by the no-voltage release magnet. 
Coil of this magnet provides no-voltage and open field-circuit 
protection. On power failure the starter arm is spring returned 
to off position, preventing motor injury. 


2. Drum-type controller. Motor and resistance connect to sta- 
tionary fingers picked up by contacts on a drum. Two additional 
fingers 5 and 6 connected to a magnetic-contactor coil provide 
no-voltage release. With the cylinder at point A, it picks up 
fingers, 1, 2, 5 and 6. Closing 5 and 6 connects coil across the 
line and closes contact to complete power circuit. Auxiliary 
contact closes and completes a holding circuit so that when the 
control is moved to points B, C, and D with 5 and 6 open, con- 
tactor remains closed. Closing contacts 1 and 2 connects motor 
field across the line with the starting resistance and armature 
in series. As motor accelerates, controller moved to point B 
picks up finger B, short-circuiting one section of starting resist- 
ance. If power fails while the motor is running, contactor 
opens, but cannot close again until the control is returned to 
starting position. Thus motor cannot be connected to line unless 
starting resistance is in circuit. 


3. Starter, similar to Fig. 1, has a solenoid which pulls up 
starter arm and cuts out starting resistance. Motor starts when 
line switch is closed. Magnet coil connects directly across line 
and swings arm up across the starting-resistance contacts 
around the pivot. Dashpot retards arm motion so that starting 
resistance will not cut out too quickly. Contact arm shortcir- 
cuits solenoid resistance out of the magnet-coil circuit during 
starting. When arm reaches top of travel, integral stud lifts 
contact arm, placing resistance in coil circuit which reduces 
current in coil to a value sufficient to hold the arm in “on” 
position. With a magnetic contactor to open and close the 
power circuit and a float switch or pressure switch in the con- 
tactor circuit, starter can be made fully automatic. 


4. Accelerating a motor according to load with counter-electre 
motive principle. Contactor coil B is connected directly acros 
the armature, coil A across the armature and resistance B. As 
armature accelerates, voltage across terminals increases until 
contactor B closes cutting out all resistance, motor then coming 
to full speed. 
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cuit value by series-armature resistance. Constant speed at any set- 
ned ting depends upon constant load. Speeds above full-load are asia 
obtained by a rheostat in series with field windings. Speed ia piel 
ranges of 1 to 6 have been obtained by field control of specially + 
designed shunt motors. Armature-resistance and field-resistance ae 
control are combined for speed ranges above 1 to 4. For close A —— 
control at low speed, armature may be shunted by a resistance. _ Series resistor - Armature -“ 
sta- | Shunt Field~~ 
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. the 7. Variable voltage control is used, when field and armature- 


resistance speed control is not satisfactory. Each motor is 




































































Bree powered by its own generator. Starting, accelerating, stopping, (6) 
teal and speed control of the motor is obtained through rheostat Field rheostat 
ae adjustment of generator-field current. - + 
se Generator 
ene armature 
acto - 
ed to oO P 
unless Fea Motor |” 
Generator field ~“ armature 
8. For occasional reversal with manual control, a double-throw Directional switch--. ® 
switch can be used. On automatic control, armature reversal can re , 
be accomplished by use of two magnetic switches, one closing for 
one direction and the other for reversal. One magnet coil and 4 
lls up armature circuit is shown in the figure. Throwing direction 
s when switch to the right will energize coil B to close contacts B, when — 
ss line contacts A open. With variable-voltage control, motor-armature Open Open 
ontacts reversal is accomplished by reversing the generator-field current. Clean Closed | 4 
starting 
horteir- 
during 
ad lifts yo Magnet coil A ‘Magnet coi/ B 
reduces 2000000 + 
in “on” (++ 
ose the “ 


Armature ---~ 

















the con- 9. For frequent starting and stopping, a large part of the 
braking is usually done by reversal of starting operations or by + 
connecting a resistance across the armature, or by a combina- Contactor---»4 
tion of the two. Connecting resistance across the armature -Armature 
causes motor to become a generator, thereby producing a Field ------ 
braking action inversely proportional to circuit resistance. This Dynamic _» 
method of stopping controls retardation with a minimum of broking < (9) 

r-electro- wear on mechanical brake. (Continued on next page) ~ tennssobaciiniad 

ly across 

ce B. As 

ses until 


n coming PRODUCT ENGINEERING + REFERENCE BOOK SHEET 








- EERING June, 1940 


289 

















= 
—r ; 







> / 
Es DS ie 
Line contactors Line contactors 
Z 4 3 \s % 
Y i ae | 
————+ nN 4f— 





Sta tor \ 
winding ‘ Stator 

















ieee 


AN 



































































































Line contactors 7‘ Stator 
a “ \ winding ----, 
Pag! soa \ 
wil WW st 
mE =. * 
! “==> ’ 
/ >7 Resistors or 
/ 4} re reactors 
‘ rig 
¥ "4 | 
oe See eee, 
“ 
Starting .-7 
contacts =-~ 4) | 4 
: a | _— Stator 
Line ‘ *% windling---. 
} < —i—, h 
1 \ n 
! ‘i < \ 
\ 3. 
---Auto- | _--Running 
_transformers | Pe contacts 
' a = 7 ) 
Starting .-7 ‘i 
; contacts~~~>, Mi) 
Y 3 
Starting 
R Nipri contactors 
ia otor sliprings . / \ 
T ] Zi 
RL : \ 
Line Y 
contactors 
4 
Pay 
Ho 







-Rotor 






























































! windin P s v 
y inding Starting resistors 
stk 
x Field contactor 
/ winding 
Line ¥ 
a 
1 a7 Slip 
rings 
! 
i 
Pe Freld 
contactors 
a rT 
ae Poa 
a 
K ay --4-7 Starting contactors (3) 
: 7 4 - 
Ll =. ae Field 
' con ac ors Zz 2 winding ~ Si 
: anes te." e 1p 
1 , > \ rings 
' / tn. 7 ' g 
<9 4 ” Running \ 
- / ut “ contacts 
1h wa if 
! / - 
1 a {+4 
Line gS Ss 
! ' i a 
| 24 winding ---- 
! cs aa th winding - 
x2 
K it Field ie | 
, - | ac. 








Starting, Speed-Control A.C. Motors 


10. Squirrel-cage and synchronous a-c motors can be staried 
directly across the line. A simple switch, either hand or mag- 
netically closed, throws full voltage on stator winding, causing 
maximum current to flow, and developing maximum Starting 
torque. Several methods of reduced-voltage starting are in use; 
motor windings can be connected in star for starting; and delta 
for running, suitable only where starting is comparatively easy, 
because starting torque with the star connection is only 33% of 
delta-grouping torque. 


11. Resistors or reactors in series with stator reduce voltage at 
motor terminals for starting, but take full value of starting 
current from the line. Auto-transformers reduce starting cur- 
rent taken from line about in proportion to transformer ratio. 
Taps give a starting voltage of about 65 per cent to 85 per cent 
of line voltage, depending upon required torque. 


12. Wound-rotor motors have high starting torque and low 
starting current. Insulated winding on the rotor is connected 
to an external resistance through slip rings and brushes on the 
motor shaft. At starting, line contactor is closed to energize 
stator windings. Starting contactors, 1, 2, 3 and 4 are closed in 
sequence to shortcircuit resistors out of the rotor as it acceler- 
ates. Can be manual or auomatic, or may include means for 
reversing direction of rotation, which on a 2-phase motor is by 
crossing the leads in either phase, and on a 3-phase motor, by 
crossing any two of the three motor leads. 


13. Synchronous motors can be started by connecting stator 
windings directly to line, or by connecting them to reduced 
voltage obtained through auto transformers, or by part-winding 
method. Stator winding is usually in two or more parts with 
terminals outside, so that one section of the winding can be 
connected in for starting and the others added as the rotor 
accelerates. The field circuit must be closed when _ rotor 
approaches synchronism so that it will pull into step. With 
manual starting, time of closing is a matter of judgment. When 
starting automatically, timing relays close the field circuit at 
proper time for maximum pull-in torque. 


Note: Wide speed adjustment is not easily obtained with a-c 
motors except through special design. For constant load. 
wound-rotor motors can be run about 50 per cent synchronous 
speed; squirrel-cage motors may be wound for two or more fixed 
speeds. Speed-regulating sets are limited to large capacity 
drives. Adjustable-frequency systems require a source of adjust- 
able-frequency power. Where wide speed adjustment is re 
quired, a-c power is converted to direct current and one of the 
methods of speed control described for direct current motors 
is used. Single-phase motors are started by connecting directly 
to the line, by manual switch or pushbutton. Float, pressure. 
temperature, or other type of switch can be used for automatic 
starting. 
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